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FIG. 5
SOLID ——]S-—s DISSOLVED ka , ADDITIVE
ADDITIVE

, ADDITIVE CONSUMED

k, = rate at which solid dissolves

k, = rate at which dissolved material re-deposits or
precipitates

k, = rate at which additive is utilized, combusted, or
degraded ‘

K= kﬁ = equilibrium constant
2

K is large for highly soluble materials (such as
conventional ZDDP)

K 1is small for controlled release materials
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MATERIALS AND PROCESSES FOR
REDUCING COMBUSTION BY-PRODUCTS
IN A LUBRICATION SYSTEM FOR AN
INTERNAL COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present patent application 1s a divisional patent
application of U.S. patent application Ser. No. 11/283,435,
filed Nov. 18, 2005, which 1s a continuation-in-part patent
application of U.S. patent application Ser. No. 11/133,330,
filed May 20, 2005, and the subject matter of these patent
applications 1s hereby incorporated by reference i 1ts

entirety. The present application claims priority under 35
U.S.C. § 120 to these patent applications.

FIELD OF THE INVENTION

[0002] The present invention relates to lubrication systems
for use with imnternal combustion engines and, more particu-
larly, to a lubrication system that reduces the formation of
combustion by-products without reducing the performance of
the lubricant 1n lubricating the internal combustion engine.

BACKGROUND OF THE INVENTION

[0003] During operation of an internal combustion engine,
hydrocarbon fuel and oxygen burn in the presence of nitro-
gen. The fuel 1s converted principally into carbon dioxide and
water, creating extremely high gas pressures that displace
pistons and produce engine power. This combustion also
results 1n the formation of contaminants that include organic,
sulfur and nitrogen-based acids as well as soot formed from
incomplete combustion. These contaminants cause undesir-
able engine wear, corrosion, increased oil viscosity and
unwanted deposits when introduced into the lubricating o1l
through contact in the cylinder bore or through blow-by
gases. Increases in corrosion, wear and viscosity degrade
engine performance. Deposits on or near the pistons allow
lubricant to pass the piston rings where 1t burns in the com-
bustion chamber, generating a commensurate economic loss.
Piston deposits also allow combustion gas to blow by piston
rings, bringing additional acid and soot into the lubricant.

[0004] Lubricant additives, particularly detergents and dis-
persants, are used to combat these problems. Detergents are
clfective for controlling piston deposits; dispersants are
elfective for controlling viscosity increase due to soot and
sludge formation; and both detergents and dispersants are
elfective for neutralizing combustion acid. However, these
additives do have limitations. First, as detergents and dispers-
ants neutralize combustion acids, they are stored 1n the engine
lubricant as acid-base complexes or salts in the form of
soluble or dispersible species. Solubility of these species
limits the capacity of the lubricant to store such relatively
polar products. If the upper solubility limits are surpassed,
some of these polar by-products may precipitate, adhere to
pistons, and form deposits. For example, Alan Schetelich and
Pat Fetterman have reported in SAE Paper #861517 (Oct. 6-9
International Fuel & Lubricants Meeting) that at a high deter-
gent level 1n a diesel engine, up to 35% of the piston deposits
were derived from the detergent. Clearly, increasing deter-
gent concentration has diminishing returns. Second, high dis-
persant concentrations increase the viscosity of the lubricant,
especially at low temperature, and high viscosities decrease
lubricant and engine efficiency. While dispersants typically
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have higher solubility limits than detergents, they are more
expensive. Thus, viscosity and economics limit how much
dispersant can be added to the lubricant. Third, both deter-
gents and dispersants are stoichiometric additives. Unlike a
catalytically active material, each molecule performs 1ts func-
tion one time and has a defined, limited capability.

[0005] As engine technology progresses toward greater
cleanliness and efliciency, lubricants and additives face addi-
tional limitations. One such engine improvement, Exhaust
(Gas Recirculation (EGR), burdens the lubricant and additives
with added levels of soot and acid, especially 1n diesel
engines. While EGR decreases emission of undesirable spe-
cies to the environment, 1t also operates at higher tempera-
tures and, as a result, degrades the lubricant and additives
more quickly. In a gasoline engine improvement, additional
acid forms as combustion temperatures are increased in a
quest for better fuel economy.

[0006] Further, certain components within the lubricant
additives foul exhaust after-treatment systems and limait their
clfectiveness. These components—sulfated ash, phosphorus
and sulfur (SAPS)— are introduced into these systems
through the combustion of the lubricant. One such after-
treatment system, a Diesel Particulate Filter (DPF), removes
solids from diesel engine exhaust gas. These particulate filters
capture fines and are regenerated by burning off trapped
materials. However, non-combustibles (detergent and metal-
lic anti-wear additives) from the lubricant accumulate over
multiple cycles and foul the filter. Analytical procedures per-
tormed on the lubricant for SAPS accurately predict its poten-
t1al to contribute to this fouling problem. Another exhaust gas
alter-treatment system removes nitrogen acids (NO_) from
diesel engines. Lubricant-derived SAPS partially poison this
system and reduces 1ts eflfectiveness.

[0007] Such after-treatment mechanisms are required to
meet national emission limits and have specific performance
requirements. For example, the United States Environmental
Protection Agency mandates that all heavy-duty DPFs must
operate for 150,000 miles before cleaning or replacement. As
a result, limits on SAPS 1n commercial lubricants have been
set by organizations that establish lubricant standards.

[0008] To avoid the problems outlined above, several addi-
tives must be reduced or replaced in a careful balance to
maintain performance. For example, zinc dialkyldithio phos-
phate (ZnDDP) functions 1n two ways when used as a lubri-
cant additive—as an anti-wear agent and as an antioxidant—
and 1ts concentration 1s determined by both roles. ZnDDP,
however, also poisons emission catalysts through 1ts phos-
phorus content. Therefore, any reduction 1n 1ts concentration
to avoid mmpacting exhaust after-treatment systems may
require augmentation of either non-SAPS containing antioxi-
dants or anti-wear agents. Other additives also serve as the
source for lubricant-derived SAPS and may have to be
reduced or eliminated to prevent after-system treatment foul-
ing. For example, detergents contain sulfur and metals that
give rise to sulfated ash.

[0009] Thus, while soot and acid derived from EGR and
higher temperatures further contaminate the lubricant, other
emission reduction technologies require a reduction in con-
centration of some additives intended to mitigate these by-
products. Within the current paradigm of lubricant formula-
tion, the only way to both reduce detergent level in the
lubricant and adequately neutralize the increased amount of
acid entering the lubricant 1s to decrease the o1l drain interval.
However, this approach has a severe economic penalty. Fre-
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quent o1l drains are undesirable and have both direct and
indirect consumer costs, as well as environmental impact. For
each o1l drain, consumers bear the direct costs of a new filter
and lubricant, mechanic labor, and in the case of commercial
trucks, lost delivery time. Consumers bear the indirect costs
of filter and lubricant recycle or disposal. They also endure
the negative environmental impact associated with the inap-
propriate disposal of used engine oil. Extended o1l drain
intervals istead conserve valuable resources. Since lubricant
additive levels, 1n general, determine the oil drain interval,
performance specifications pressure the lubricant industry to
maintain upper limit concentrations of additive. In addition,
they must also maintain backward compatibility to ensure
that new formulations perform adequately in older engines.
[0010] Prior art patents to Brownawell et al. (U.S. Pat. No.
4,906,389, U.S. Pat. No. 5,068,044, U.S. Pat. No. 5,164,101
and U.S. Pat. No. 5,478,463) teach that immobilizing a strong
base 1n an o1l filter will reduce piston deposits, and pending,
U.S. patent application Ser. No. 11/133,530 teaches how to
optimize the strong base for maximum acid retention capa-
bility. These disclosures represent one potential approach to
deal with deposits, but 11 used with conventional lubricants,
do not solve the broader 1ssues outlined above. There 1s
clearly a need for improved approaches to engine lubrication.
[0011] In light of the foregoing, there still remains a need
for a lubrication system that significantly reduces the SAPS
levels 1n a lubricant without negatively affecting engine per-
formance. In particular, a lubrication system 1s desired that
mimmizes the use of SAPS-containing additives that combust
to form contaminants which foul emissions after-treatment
systems. The present invention addresses these needs 1n the
art.

SUMMARY OF THE INVENTION

[0012] The invention encompasses a new engine lubrica-
tion paradigm for a gasoline or diesel internal combustion
engine wherein the lubrication system, comprising a device
such as a chemical o1l filter, a specialized lubricant and/or a
top-up-o1l, work together as an integrated unit to maintain the
performance of the engine and 1ts accessories. In other words,
the invention shiits the focus from the lubricant protecting the
engine to a lubrication system comprising a chemical oil
filter, a lubricant, and/or a top-up-oil. The lubrication system
of the mvention minimizes engine deposits, maintains eifi-
cient engine lubrication, enables effective emissions reduc-
tions, and prevents unnecessary economic penalties. The
chemical filter immobilizes acid outside the engine, regener-
ates dispersant, enhances oxidation protection both 1n the o1l
filter and 1n the lubricant, and manages the concentration of
phosphorus and sulfur containing anti-wear additive in the
lubricant throughout the entire o1l drain interval, among other
roles. In cooperation with the chemaical filter, the specially
formulated lubricant maintains engine lubrication while
enabling the proper functioning of the emission after-treat-
ment system and the top-up-o1l allows replacement of critical
additives and o1l that are consumed during engine operation.
The formulation of the lubricant and top-up-oil may change
based upon what materials are placed in the chemical o1l filter.
[0013] The present invention includes internal combustion
engine lubrication systems adapted to produce low levels of
lubricant additive combustion by-products by using a spe-
cially formulated top-up-o1l to replace additives lost such as
when the lubrication system experiences a loss of lubricant
volume over time during ordinary engine operation. The sys-
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tem comprises a device 1 liquid commumication with the
lubricant having means for supplementing or replacing func-
tions of lubricant additives, a special lubricant having reduced
levels of sulfated ash, phosphorus, and sulfur (SAPS), and a
top-up-o1l of a volume approximately equal to some volume
of lubricant lost during operation, wherein the top-up-oil has
substantially elevated amounts of one or more lubricant addi-
tives. The system of the invention enables at least one of the
three SAPS levels to be reduced by at least 10% and as much
as 90% below a conventional lubricant formulated to satisty
contemporary SAPS requirements while maintaining a high
level of performance.

[0014] The lubricant system of the invention 1s integrated
and the components are inter-related. For example, when the
o1l filter contains a strong base, the lubricant concentration of
detergent may decrease, 1n some cases to zero. However, the
dispersant concentration in the lubricant may remain the
same or 1icrease. The dispersant concentration 1s 1mportant
since, as a suitable weak base, the dispersant neutralizes
combustion acid at the piston ring zone and carries the result-
ant weak base-combustion acid complex to the strong base 1n
the o1l filter. There, 1t undergoes 10n exchange with the strong
base, 1t leaves the acid immobilized 1n the chemaical o1l filter,
and 1t recycles back to the piston ring zone for reuse as an acid
neutralization agent. Thus, quantities of strong base in the
chemical o1l filter and detergent concentration help determine
dispersant concentration. The reduction or elimination of
detergent from the lubricant will reduce the fouling of the
emission after-treatment system via lowering SAPS and of
deposit formation on engine parts such as the piston.

[0015] In another embodiment of the invention, the chemi-
cal o1l filter may also contain additives that are slowly added
to the lubricant 1n a controlled fashion. In one example, a
/ZnDDP anti-wear additive released from the o1l filter supple-
ments the lubricant. In one particular embodiment, low
molecular weight alkyl or low solubility aryl groups on the
ZnDDP limits 1ts solubility 1in the lubricant. The solubility at
equilibrium of this matenal limits the concentration of the
additive 1n the lubricant. As a result, a constant concentration
of the additive 1s maintained in the lubricant. In another
embodiment, diffusion controls slow release of the additive
into the lubricant. In yet another embodiment, the additive 1s
metered into the lubricant.

[0016] Slow release of ZnDDP achieves this low constant
concentration and, combined with an enhanced antioxidant
capability, reduces the overall amount of this anti-wear/anti-
oxidant additive required 1n the lubrication system and 1its
contribution to SAPS. The metering, solubility, or diffusion
controlled slow release rate of anti-wear additive 1n accor-
dance with the invention accomplishes this objective.

[0017] It 1s well known that the ZnDDP additive functions
as a poweriul anti-oxidant as well as an anti-wear additive.
Willermet has shown that when molecules of ZnDDP act as
an anti1-oxidant those molecules of ZnDDP could not also act
in an anti-wear capacity. (P. A. Willermet, P. A. Mahoney and
C. M. Haas, ASLF Trans 22 (1979) 301). Thus, soluble ash-
less and/or immobilized anti-oxidants may extend the effec-
tiveness of ZnDDP. In an embodiment of the invention, an
immobilized hydroperoxide decomposer and/or radical scav-
enger may be incorporated 1n the o1l filter. Suitable hydrop-
eroxide decomposers that can be immobilized 1n the o1l filter
are taught 1n the aforementioned Brownawell et al. patents
(U.S. Pat. No. 4,997,546, U.S. Pat. No. 5,112,482, and U.S.
Pat. No. 5,209,839). The incorporation of the hydroperoxide
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decomposer 1n the o1l filter allows a higher than normal per-
centage of ZnDDP molecules to act 1n an anti-wear capacity
and thus allows a further decrease 1n the ZnDDP concentra-
tion 1n the lubricant. In another embodiment, the lubricant
may also contain an enhanced concentration of soluble anti-
oxidants, especially ash-less anti-oxidants.

[0018] In conventional lubrication systems, the ZnDDP
decomposes at a relatively high rate. Sufficient ZnDDP must
be present in the initial charge of lubricant to extend the
anti-wear activity for the entire o1l drain interval. The high
level of phosphorus 1n the fresh o1l presents a surge of phos-
phorus poisoning to any phosphorus sensitive catalyst. It
would be beneficial 1f the phosphorus level were constant at a
lower concentration throughout the o1l drain level. Accord-
ingly, an embodiment of the invention uses a lubricant con-
taining a lower than normal concentration of ZnDDP or even

no ZnDDP.

[0019] The formulation of a top-up-o01l will change in tan-
dem with the formulation of the lubricant. The object of the
formulation of the top-up-oil 1s to extend the o1l drain interval
by replacing the additives 1n the lubricant that are consumed.
It 1s recogmized that different additives 1n the lubricant are
consumed at ditferent rates and thus the top-up-o01l may have
a different composition than the lubricant. It 1s also recog-
nized that often top-up-o1l 1s added when 10% of the lubricant
has been consumed. Thus, to bring the concentration of the
various additives back to approximate the fresh lubricant
charge means that there 1s a different ratio of additives 1n the
top-up-o1l than 1n the lubricant. The dispersantis recycled and
only slowly consumed, e.g. by dispersing soot and sludge or
by oxidative degradation; the ashless anti-oxidant i1s con-
sumed 1n performing its function; the viscosity modifier 1s
degraded 1n function at different rates depending on whether
or not a shear stable viscosity modifier was used. Thus, 1n
most cases the top-up-oil 1s not formulated to be a lubricant
but to supplement the lubricant. However, 1n some cases it
may be economical, e.g., for ease of storage and use, for the
top-up-o1l to have the same composition as the lubricant.

[0020] Embodiments of the invention relate to internal
combustion engine lubrication systems adapted to produce
low levels of lubricant additive combustion by-products by
providing a lubrication system that lowers the SAPS levels
below the SAPS level that would otherwise be possible for a
given lubricant formulation without the aid of a chemaical o1l
filter. Such reduced SAPS levels may be at least 10% and as
much as 90% below the SAPS levels of a conventional lubri-
cant formulated to satisty contemporary SAPS requirements
at a high level of performance. The system includes a device
that 1s 1 liquid communication with the lubricant and that
supplements or replaces the function of the lubricant additive.
In an exemplary embodiment, the device includes a material,
such as a strong base or anti-oxidant, which can be a matrix
combined with a chemaical, adapted to supplement or replace
a Tunction of a lubricant additive so as to reduce the need for
the lubricant additive in the lubricant.

[0021] In another aspect, the present invention provides an
internal combustion engine lubrication system adapted to
produce low levels of lubricant additive combustion by-prod-
ucts comprising a lubricant having reduced levels of a lubri-
cant additive relative to a level of the lubricant additive cor-
responding to a given maximum SAPS level and a device that
1s 1n tluid contact with the lubricant and slowly releases at
least one lubricant additive into the lubricant. The device can
be a chemical filter or a metering device. The lubricant addi-
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tive can be selected from an anti-wear agent, detergent,
extreme pressure additive, friction modifier, antioxidant,
organic acid neutralizing agent, dispersant, viscosity index
improver, pour point depressant, flow improver, anti-foaming
agent, anti-misting agent, cloud-point depressant, or a corro-
s10n inhibitor, or a combination thereol. The lubrication sys-

tem so configured maintains reduced SAPS levels that may be
at least 10% and as much as 64% below the SAPS levels of a

conventional lubricant at a high level of performance but
without the system of the invention.

[0022] Other aspects of the present invention include an
internal combustion engine lubrication system adapted to
produce low levels of lubricant additive combustion by-prod-
ucts, comprising a lubricant having reduced levels of a lubri-
cant additive relative to a level of the lubricant additive cor-
responding to a given maximum SAPS level, and a device that
1s 1n fluid contact with the lubricant, the device having immo-
bilized thereto a chemical species capable of supplementing,
or replacing the function of an additive that interacts with the
combustion by-products. The device in combination with
such a lubricant enables reduced SAPS levels that may be at
least 10% and as much as 70% below the SAPS levels of a
conventional lubricant at a high level of performance but
without the device of the invention.

[0023] Infurther aspects, the present invention provides an
internal combustion engine lubrication system adapted to
produce low levels of lubricant additive combustion by-prod-
ucts, comprising a device having a strong base immobilized
thereto, and a lubricant having reduced levels of detergent
relative to a level of detergent 1n a lubricant formulated to
perform to an equivalent high level without said device.

[0024] In other aspects, the present invention provides an
internal combustion engine lubrication system adapted to
produce low levels of lubricant additive combustion by-prod-
ucts, comprising a device having an anti-oxidant immobilized
thereto, and a lubricant having reduced levels of ZnDDP
relative to a level of ZnDDP 1n a lubricant formulated to
perform to an equivalent high level without said device.

[0025] Some aspects of the present invention include an
internal combustion engine lubrication system adapted to
produce low levels of lubricant additive combustion by-prod-
ucts, comprising a device capable of slowly releasing an
anti-wear agent into a lubricant, and the lubricant having
reduced levels of anti-wear agent relative to a level of the
anti-wear agent 1n a lubricant formulated to perform to an
equivalent high level without said device.

[0026] In other aspects, the present mnvention provides an
internal combustion engine lubrication system adapted to
produce low levels of lubricant additive combustion by-prod-
ucts, comprising a device capable of slowly releasing a fric-
tion modifier into a lubricant, and the lubricant having
reduced levels of a friction modifier relative to a level of the
friction modifier 1n a lubricant formulated to perform to an
equivalent high level without said device.

[0027] In still other aspects, the present invention provides
an 1mternal combustion engine lubrication system adapted to
produce low levels of lubricant additive combustion by-prod-
ucts, comprising a lubricant having lubricant additives that
produce a sulfated ash content at or below about 0.9 wt %
and/or a phosphorus content at or below about 0.1 wt %, and
a device that 1s 1n fluid contact with the lubricant and nter-
acting with the lubricant so as to perform or supplement at
least one function of lubricant additives.
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[0028] The present invention further provides an internal
combustion engine lubrication system adapted to produce
low levels of lubricant additive combustion by-products com-
prising a lubricant having lubricant additives that produce a
sulfated ash content at or below about 0.9 wt % and/or a
phosphorus content at or below about 0.1 wt %, and a device
that 1s 1n fluid contact with the lubricant, the device having
immobilized thereto a chemical species capable of supple-
menting or replacing the function of an additive that interacts
with the combustion by-products.

[0029] The invention further includes a device for use
within an internal combustion engine lubrication system, the
device being 1n fluid contact with a lubricant and comprising
a filtration media (or porous support) having a lubricant addi-
tive contained therein, wherein the lubricant additive 1s
slowly released into the lubricant over an extended time by
controlling the equilibrium solubility of the lubricant addi-
tive.

[0030] Other aspects of the invention provide a method of
lubricating an internal combustion engine, comprising pro-
viding a lubricant circulating within a lubrication system that
1s 1n fluid contact with portions of the internal combustion
engine requiring lubrication, and providing a device 1n fluid
contact with the lubricant that performs or supplements a
function of a lubricant additive, wherein the lubricant has
reduced levels of the lubricant additive relative to a level of
the lubricant additive corresponding to a given maximum
SAPS level.

[0031] These and various other features of novelty, and
their respective advantages, are pointed out with particularity
in the claims annexed hereto and forming a part hereof. How-
ever, for a better understanding of aspects of the ivention,
reference should be made to the drawings which form a
turther part hereot, and to the accompanying descriptive mat-
ter, 1n which there 1s illustrated preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 1s a schematic of one embodiment of the
lubrication system of the invention for use with a diesel
engine.

[0033] FIG. 2 1s a schematic of one embodiment of the
lubrication system of the imnvention for use with a gasoline
engine.

[0034] FIG. 31illustrates a schematic of alubrication system

of the mvention comprising a chemical lubricant filter.
[0035] FIG. 4 1s a vertical cross-section of a chemical filter
of the mmvention in which lubricant additives 1n the chemical
filter are released into the lubricant to a concentration con-
trolled by the equilibrium solubility of each additive.

[0036] FIG. 5 shows the kinetics and equilibrium that
underlies the embodiment of FIG. 4 of the mvention and
includes equilibrium controlled solubility lubricant additives.
[0037] FIG. 61savertical cross-section of a chemaical lubri-
cant filter of the mnvention in which lubricant additives 1n the
chemical lubricant filter are released into the lubricant by
slowly diffusing through a membrane or porous solid.
[0038] FIG. 7 illustrates a schematic of an embodiment of
the present invention that includes a pump to meter lubricant
additives from a reservoir for insertion into the lubricant.
[0039] FIG. 8 1llustrates a schematic of an embodiment of
the present invention that includes top-up-oil.

[0040] FIG. 9 shows an engine piston within 1ts piston
chamber to 1llustrate the loss of lubricant between the piston
rings and chamber.
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[0041] FIG. 10 1s aschematic of one manner of how chemi-
cal filters of the present invention can function within the
lubrication system of an internal combustion engine.

[0042] FIG. 11 1s a perspective view of a chemical filter
embodiment of the present invention.

[0043] FIG. 12 1s a perspective view of a chemically active
filter member as provided in accordance with an embodiment
of the present invention.

[0044] FIG. 13 1s a schematic of filtration media particles
suitable for use 1n chemical filters of the present invention.
[0045] FIG. 14 1s a schematic of a filtration media particle
that includes a substrate particulate and a layer of a strong
base material disposed thereon.

[0046] FIG. 135 illustrates relative size comparisons
between typical weak base molecules and porous particles
having micropores of an insuificient diameter to receive the
weak base.

[0047] FIG. 16 1s a schematic of a portion of filtration
media including particles (having an associated strong base
material) and binder material that may form a substantially
continuous binder matrix and that spans and binds adjacent
particles.

[0048] FIG. 17 1s a diagrammatic showing a first method
for making bound filtration media 1n accordance with the
present 1nvention.

[0049] FIG. 18 1s a diagrammatic depicting a second
method for making bound filtration media 1n accordance with
the present invention.

[0050] FIG. 19 1s perspective view of a two-stage chemical
filter in accordance with an embodiment of the present inven-
tion.

[0051] FIG. 20 1s a cross-sectional view of a portion of a
lubrication system for an internal combustion engine, the
lubrication system including a chemical filter and a tradi-
tional 1nactive size-exclusion filter member that 1s spaced
apart from the chemaical filter.

[0052] FIG. 21 1s a cross-sectional view of an exemplary
chemical filter of the present invention, the chemical filter
including an inactive size-exclusion filter member arranged
end-to-end with a chemically active filter member or 1nsert
that operates 1n a by-pass mode.

[0053] FIG. 22 1s a schematic of an exhaust gas recircula-
tion system that 1s known 1n the art.

[0054] FIG. 23 1s a diagrammatic depicting a system
embodiment for controlling combustion by-products 1n
accordance with the present invention.

[0055] FIG. 24 1s a table of porosity characteristics associ-
ated with strong base material Catalyst 75-1.

[0056] FIG. 251s atable of porosity characteristics of addi-
tional strong base materials.

[0057] FIG. 26 1s a second table of porosity characteristics
ol additional strong base matenals.

[0058] FIG. 27 1s a thard table of porosity characteristics of
candidate strong base materials.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

L1

[0059] The present mvention may be understood more
readily by reference to the following detailed description of
illustrative and preferred embodiments taken in connection
with the accompanying FIGS. 1-27 that form a part of this
disclosure. It 1s to be understood that the scope of the claims
1s not limited to the specific devices, methods, conditions or
parameters described and/or shown herein, and that the ter-
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minology used herein 1s for the purpose of describing particu-
lar embodiments by way of example only and 1s not intended
to be limiting of the claimed invention. Also, as used 1n the
specification including the appended claims, the singular
forms ““a,” “an,” and “the” include the plural, and reference to
a particular numerical value 1ncludes at least that particular
value, unless the context clearly dictates otherwise. When a
range of values 1s expressed, another embodiment includes
from the one particular value and/or to the other particular
value. Similarly, when values are expressed as approxima-
tions, by use of the antecedent “about,” 1t will be understood
that the particular value forms another embodiment. All
ranges are inclusive and combinable.

DEFINITIONS

[0060] As used herein, the term “anti-oxidant™ refers to a
hydroperoxide decomposition agent or radical scavenger, or a
combination thereof.

[0061] As used herein, the term “anti-wear agent”™ refers to
a chemical that 1s designed to reduce wear between sliding
metal surfaces.

[0062] As used herein the term “chemical filter” means a
filter that interacts with a lubricant to chemically enhance or
supplement additives 1n the lubricant. In one example, the
chemical filter can be a porous support media employing a
strong base material capable of displacing a weak base from
a combustion acid-weak base complex that comes into con-
tact with the strong base material. In another embodiment, the
chemical filter may be a conventional filter that 1s chemically
enhanced or modified to provide a way to introduce lubricant
additives 1nto the lubricant using the techniques of the mven-
tion.

[0063] As used herein “chemically enhancing or supple-
menting the additives 1n a lubricant” results in enhancing the
performance of the lubricant which, in turn, results in
decreased piston deposits, or increasing the o1l drain interval
as measured by TBN or decreasing SAPS with decreased
detrimental impact on emission aiter treatment devices.
[0064] As used herein, the term “control of solubility™
refers to a mechanism such as a low level of solubility of a
lubricant additive 1n a lubricant that acts to control the rate at
which a lubricant additive passes from a state separate from
the lubricant to being soluble in the lubricant.

[0065] As used herein, the term “control rate of diffusion™
refers to a controlled rate or diffusion or movement of a
chemical, usually an active chemical, through another chemi-
cal, usually an mert chemical with the rate of diffusion being
suitable for the application.

[0066] As used herein, the term “control rate of metering”
refers to the rate at which an additive 1s released to enter a
lubricant by a metering mechanism such as a pump.

[0067] Asused herein, the term “‘corrosion inhibitor” refers
to a chemical that reduces corrosion of a surface, e.g., acidic
attack on a metallic surface.

[0068] As used herein, the term “dispersant” refers to a
chemical that disperses soot and/or sludge and neutralizes
acidic chemaicals.

[0069] As used herein, the term “extreme pressure addi-
tive” refers to a chemical that 1s designed to reduce wear
between metal surfaces coming into contact often at a high
pressure.

[0070] As used herein, the term “tlow improver” refers to a
chemical that alters the tlow characteristics of liquid.
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[0071] As used herein, the term “Iriction modifier” refers to
a chemical that alters the lubricity of a surface.

[0072] As used herein, the term “function of a lubricant
additive” refers to at least one engine protective role exhibited
by a lubricant additive. The following represent categories of
lubricant additives according to function or engine protective
role: detergent, which acts to (remove or) neutralize combus-
tion acids; anti-oxidants, which act to (remove or) neutralize
peroxides and/or free radicals; anti-wear, which protects sur-
faces of engine parts; and viscosity modifier, which modifies
the high and low temperature viscosity of a lubricant. In the
present invention, chemicals existing outside of the lubricant
itself, for example, residing 1n a chemaical filter, can 1n some
instances supplement and in other cases replace the function
of lubricant additives and 1n still other cases release additives
for functioning within the lubricant.

[0073] As used herein, the term “lifecycle” refers to lubri-
cant use, expressed 1n units such as engine hours or vehicle
miles, before the lubricant needs to be replaced, usually 1ndi-
cated by the lubricant reachuing a critical TBN.

[0074] As used herein, the term “lifecycle of an after treat-
ment device” refers to the useable life of an after treatment
device usually measured in terms of miles of engine use
before i1t becomes necessary to clean, revitalize or replace the
alter treatment device.

[0075] As used herein, the term “lubrication system” or
“internal combustion engine lubrication system” refers to a
substantially closed system in which a lubricant circulates
throughout. The lubrication system i1s 1n fluid contact with a
combustion engine so that, as the lubricant circulates through
the lubrication system, at some segments of the lubrication
system the lubricant contacts the internal combustion engine,
including the surfaces of the piston and piston chamber.

[0076] As used herein, the term “maximum SAPS” or
“maximum SAPS level” refers to total concentrations of sul-
tated ash, phosphorus, and sulfur present 1n o1l, 1n units such
as parts per million or weight percent. Certain lubricant addi-
tives, e.g., ZnDDP, contribute to each one, or even all, of the
sulfated ash, phosphorus, and sultur levels. The maximum
levels are the maximum levels of sulfated ash, phosphorus,
and sulfur allowed 1n the lubricant according to a lubricant
standard designating body. A “lubricant standard designating
body” 1s used herein to refer to an o1l or lubricant standards
group such as the American Petroleum Institute (“API”) or
International Lubricant Standardization and Approval Com-
mittee (“ILSAC”). The API, at 1220 L Street, Northwest,
Washington, D.C. 20005 (http://www.ap1.org), licenses mar-
keters of engine o1l around the world the use of the API
Service Symbol and the API Certification Mark. Engine oils
displaying these marks are required to meet mimnimum per-
formance standards as demonstrated by engine and bench
tests. For passenger car oils, the latest API service category 1s
SM. The latest heavy-duty service category 1s CI-4 Plus. In
addition, oils that demonstrate fuel economy benefits may be
designated Energy Conserving. ILSAC standards are a coop-
erative effort of the American Automobile Manufacturers
Association (AAMA), at 7430 Second Avenue, Suite 300,
Detroit, Mich. 48202 (http://www.aama.com), and the Japan
Automobile Manufacturers Association, Inc. (JAMA), at
Otemachi Building 6-1, Otemachi 1-chome, Chiyoda-ku,
Tokyo 100, Japan. ILSAC’s ‘Starburst’ Certification Mark
indicates that an o1l has met the current Minimum Perfor-
mance Standard for Passenger Car Engine Oils 1ssued by

ILSAC. The GF-4 standard corresponds to the API SM cat-
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egory. In Europe, the equivalent standardization organization
1s Association des Constructeurs Europeens de I’ Automobile
(ACEA) and 1s located at Rue du Noyer 211, B-1000 Brus-
sels, Belgium.

[0077] The following Table 1 illustrates current levels of
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based acids. The filter will periodically cycle to a burn mode
to convert the soot particles to carbon dioxide and water.
Another source of particulates derives from lubricant burned
in the combustion chamber. The two largest sources of these
particulates are metal containing detergents and ZnDDP anti-

SAPS. wear additives. The third source 1s wear debris. The phospho-
TABLE 1
Current Commercial Diesel and Gasoline Lubricants
Lubricant
Valvoline Castrol Mack Chevron Shell Mobil Pennzoil Valvoline Exxon Castrol
Brand Name
Bulldog
Premium Tection EO-N Premium Delo Mobil Advanced
Blue Extra Plus 400 Rotella T One Protection Motor O1l  Superflo GTX
Certification Cl-4 Plus Cl-4 Plus Cl-4 Cl-4 Cl-4 SM, GF-4 SM, GF-4 SM, GF-4 SM, GF-4 SM, GF-4
Plus Plus

Grade 15W-40 1 5W-40 15W-40 15W-40 15W-40 1OW-30 1OW-30 1OW-30 10W-30 10W-30
Engine Diesel Diesel Diesel Diesel Diesel Gasoline  Gasoline  Gasoline  Gasoline  Gasoline
Ca (ppm)l 3896 2749 3647 3435 3585 2502 1873 2003 1965 2167
Mg (ppm)l 12 115 12 10 13 14 6 8 9 10
P (ppm)l 1475 1163 1331 1330 1248 743 771 750 792 TR7
Zn (ppm)l 1649 1271 148% 1493 1372 21 873 14 856 856
S (ppm)l 4543 4060 4500 4253 4829 1911 2220 2536 4507 2648
Sulfate Ash 1.63 1.20 1.53 1.45 1.46 1.00 0.82 0.84 0.82 0.88
(Wt. %)?
Ltest Method D5185
°Test Method D874
[0078] As used herein, the term “neutralizing agent” refers rus from the anti-wear additive also acts to poison the nitro-

to a basic chemical that neutralizes acidic chemicals.

[0079] As used herein, the term “oi1l filter,” “standard oil
filter,” or “traditional o1l filter” refers to an o1l filter that 1s
commonly used by most trucks 1in which particulates are
removed from a lubrication system normally by size exclu-
5101.

[0080] As used herein, the term “pour point depressant™
refers to a chemical that lowers the pour point of a liquid.
[0081] As used herein, the term “strong base” refers to a
basic material that 1s capable of displacing a weaker base,
e.g., adispersant, from a weak base-combustion acid complex
and immobilizing the combustion acid with the strong base.
[0082] As used herein, the term “top-up-o01l” refers to a
small quantity of fresh o1l that supplements combustion
engine lubricant lost during the operation of the combustion
engine, which may or may not comprise substantially
clevated amounts of at least one lubricant additive.

[0083] As used herein, the term “ZnDDP” refers to zinc
dialkyl dithiophosphate or zinc diaryl dithiophosphate.
[0084] As used herein, the terms “OW-XX, SW-XX, or
10W-XX" refer to multigrade lubricants.

Overview

[0085] The need to reduce diesel particulate and combus-
tion acids in the emissions from internal combustion engines
for health reasons has led to proposed new diesel emission
regulations. Most diesel engine manufacturers have decided
that the most eflicient way they can meet these proposed
regulations 1s to attach after-treatment devices to the emission
stream. A filter will trap particulates, primarily soot particu-
lates. A catalyst will decompose nitrogen acids. Mandated
limits on sulfur in the fuel and lubricant will reduce sultur

gen acid removal catalyst. In order to extend the lifecycle of
the emission {ilter and the nitrogen acid catalyst, limits are
being proposed on sulfated ash, phosphorus and sulfur
(SAPS). The system of this invention provides a solution that
allows the functionality of the lubricants to be maintained
while satisfying ever lower SAPS concentrations.

[0086] The present invention relates to a lubrication system
for the improvement in lubricant protection of an internal
combustion engine and the operation of 1ts attendant emission
control equipment, or after-treatment devices. The lubrica-
tion system comprises a lubricant having reduced levels of
lubricant additive relative to at least one of the three SAPS
levels and significantly below, at least 10% and as much as
90% below, the SAPS level of a lubricant formulated to an
equivalent high level of performance but without the use of a
chemical filter, and a device 1n liquid communication with the
lubricant having means for performing or supplementing a
function of the lubricant additive. The lubricant 1s 1n fluid
contact with the device and the internal combustion engine, as
the lubricant 1s 1n fluid flow throughout the lubrication sys-
tem. In some embodiments, the device can have associated to
itself a particle, which can be a chemical or amatrix combined
with a chemical, having the means for performing or supple-
menting functions of lubricant additives.

[0087] Heretolore, the lubricant protection of the engine,
1.€., control of corrosion, piston deposits, wear, sludge, etc.
has been the function of the lubricant that includes lubricant
additives 1n 1ts formulation. An o1l filter, via size exclusion,
removes abrasive particles from the lubricant. Emission con-
trol equipment reduces and controls the deleterious effects of
combustion emissions. However, the effect of the lubricant
additive on the life of the emission control equipment must be
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considered. In this invention, several engine protective func-
tions from the lubricant additives are performed or supple-
mented by a device incorporated 1nto the lubrication system,
¢.g., a chemical filter and/or a metering device. In some
examples, a strong base resides 1n the chemical filter to
supplement the activity of a detergent/dispersant in the lubri-
cant 1s described 1n several patents, U.S. Pat. No. 4,906,389,
U.S. Pat. No. 5,068,044, U.S. Pat. No. 5,069,799, U.S. Pat.

No. 5,164,101 and U.S. patent application Ser. No. 11/133,
530, which are mcorporated herein in their entirety.

[0088] In most lubrication systems, the lubrication system
experiences a loss of a volume of lubricant over time during
the ordinary course of operation of the combustion engine.
The lubrication system of the invention thus further com-
prises a top-up-oil of a volume approximately equal to the
volume of lubricant lost during operation, wherein the top-
up-oi1l has substantially elevated amounts of some lubricant
additives.

[0089] The functions of a lubricant additive performed or
supplemented by the device can include a strong base, anti-
oxidant, anti-wear agent, extreme pressure additive, acid neu-
tralizing agent, corrosion inhibitor, or a combination thereof.
In some embodiments, the device will have incorporated to
itsell a strong base, detergent, anti-oxidant, anti-wear agent,
extreme pressure additive, organic acid neutralizing agent,
dispersant, friction modifier, viscosity index improver, pour
point depressant, flow improver, anti-foaming agent, anti-
misting agent, cloud-point depressant, or a corrosion nhibi-
tor, or a compound having similar engine protecting proper-
ties. For example, a strong base can be associated to a device
such as a chemuical filter and the resulting device will supple-
ment an engine protecting property like that of a dispersant in
the lubricant. In some embodiments, a lubricant additive 1s
associated with the device and 1s slowly released into the
lubricant, thereby allowing for reduced concentrations 1n the
lubricant.

[0090] Anti-oxidants can be, for example, a hydroperoxide
decomposition agent or radical scavenger, or a combination
thereof. The hydroperoxide decomposition agent i1s prefer-
ably ZnDDP. In some embodiments, the anti-oxidant can be
selected from MoS compounds, MoS, compounds, Mo,S,
(C.H,,0CS,), compounds, hindered phenols, aromatic
amines, divalent sulfur, disulfides, phosphates, trivalent phos-
phorus, phosphates, hydroquinones, dihydroquinolines,
metal deactivators, or NaOH, or a combination thereof.

[0091] Anti-wear agents can be, for example, ZnDDP, fatty
esters, dithiophosphates, dithiocarbonates, thiocarbamates
(including thiocarbamate esters, thiocarbamate amides, thio-

carbamate ethers, alkene-coupled thiocarbamates), or bis(S-
alkyldithiocarbamyl)sulfides.

[0092] Extreme pressure additives can be selected from
sulfurized fats, sulfurized fatty esters, sulfurized olefins, sul-
turized polyolefins, disulfides, dialkyl disulfides, tributyl
phosphate, tricresylphosphate, phosphates, phosphonates,
phosphoric esters, phosphorized fats, ZnDDP, amine dithio-
phosphates, phosphorized olefins, or phosphor-sulfurized
olefins, or a combination thereof.

[0093] An acid neutralizing agent can be one of the follow-
ing: oil-soluble amines, oil-soluble amine salts, dispersants,
trialkyl amines, trioctadecyl amine, or tetraoctadecyl ammo-
nium hydroxide, or a combination thereof.
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[0094] The corrosion mhibitor can iclude ZnDDP, 1mida-
zolines, alkyl pyridines, ethoxylated phenols, phosphate
esters, or phosphonate esters, thiodiazole, benzotriazole, or a
combination thereof.

System Description

[0095] The lubrication system of the invention 1s character-
1zed by a specially formulated lubricant, a specially formu-
lated top-up-o1l, and a device that supplements or replaces the
functions of certain lubricant additives so as to produce low
levels of lubricant additive combustion by-products. Each of
these elements of the invention will be described 1n turn
below.

Devices for Supplementing or Replacing Functions of Lubri-
cant Additives

[0096]

[0097] An exemplary embodiment of the present invention
provides an 1nternal combustion engine lubrication system
adapted to produce low levels of lubricant additive combus-
tion by-products, comprising a lubricant having at least one of
the three SAPS levels significantly below, at least 10% and as
much as 100% below, the SAPS levels of a lubricant formu-
lated to an equivalent high level of performance but without
the use of the previously mentioned device, e.g., chemical
filter; and a device that 1s 1n fluid contact with the lubricant
and slowly releases at least one lubricant additive into the
lubricant. The device can be a chemical filter and/or a meter-
ing device. The lubricant additive can be selected from a
detergent, anti-oxidant, anti-wear agent, extreme pressure
additive, organic acid neutralizing agent, dispersant, friction
modifier, viscosity index improver, pour point depressant,
flow improver, anti-foaming agent, anti-misting agent, cloud-
point depressant, or a corrosion inhibitor, or a combination
thereof.

[0098] The slow release of the lubricant additive may be
accomplished by modifying the solubility of the lubricant
additive with respect to the lubricant. The modification can be
the reduction in number of methylene units of the alkyl chains
that exist 1n the lubricant additives—typically, the alkyl
chains enhance the solubility of the lubricant additive. For
example, a commonly used lubricant additive, zinc dialkyl
dithiophosphate (ZnDDP), has four alkyl moieties—two
alkyl moieties per thiophosphate group. The alkyl moieties
are necessary to enhance the solubility of ZnDDP. By reduc-
ing the length of the alkyl chains, or the number of methylene
units, the solubility of ZnDDP will be much reduced. How-
ever, the modification can also be achieved by substitution of
the alkyl chain with aryl or other chemical moieties that
impart to the additive a desired solubility level in the Iubri-
cant. The objective 1s to ensure that the solubility of the active
species 1n the lubricant 1s high enough to perform its function
adequately (e.g. for ZnDDP, form a protective film), but not so
high as to allow an excessive concentration that would con-
tribute to SAPS levels and/or subject the solubilized additive
to thermal and/or oxidative degradation. For example, Pala-
c10s has shown that ZnDDPs may form films up to about 40
ug/cm” thick although full anti-wear protection is achieved by
a reaction film thickness of only about 15 ug/cm?. Film thick-
ness 1s directly related to ZnDDP concentration (J. M. Pala-
c10s, Wear 114 (1987) 577). Other mechanisms or methods to
control the additive solubility and therefore the rate at which
these species enter the lubricant are possible and envisioned.

Slow Release Device
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For example, two or more additives may be gelled to control
their solubility as outlined 1 US patent applications 2005/
0085399 and 2005/0137097. Alternatively, additives may be
incorporated into materials which slowly dissolve and release

additives 1nto the lubricant, such as thermoplastic polymers,
as outlined 1n U.S. Pat. No. 4,075,098.

[0099] The slow release may also be accomplished using a
filtration media (or porous support) having a lubricant addi-
tive contained within, wherein the lubricant additive 1s slowly
released mto the lubricant over an extended time by control-
ling the solubility of the lubricant additive.

10100}

[0101] Other exemplary embodiments of the invention
include an internal combustion engine lubrication system
adapted to produce low levels of lubricant additive combus-
tion by-products, comprising a lubricant having at least one of
the three SAPS levels significantly below, at least 10% and as
much as 90% below, the SAPS level of a lubricant formulated
to an equivalent high level of performance but without the use
of the previously mentioned device, e.g., chemical filter, and
a device that 1s 1n fluid contact with the lubricant, the device
having immobilized thereto a chemical species capable of
performing the function of an additive that interacts with the
combustion by-products. One chemical species supplement-
ing the function of a lubricant additive includes a strong base
and another chemical species performing the function of a
lubricant additive includes an anti-oxidant immobilized
thereto.

10102]

[0103] A number of hydroperoxide decomposers can be
used to remove hydroperoxides from a lubricating o1l. Some
hydroperoxide decomposers that can be incorporated 1nto the
device of the present imvention include MoS,, Mo, S,
(ROCS.,),, NaOH, or mixtures thereol. Mo, S, (ROCS,).,
NaOH, or mixtures thereof are preferred. In some embodi-
ments, NaOH 1s a preferred hydroperoxide remover.

[0104] As disclosed in related application, U.S. Pat. No.
4,997,546, Mo,S_,(ROCS, ). 1s Tormed by reacting molybde-
num hexacarbonyl, Mo(CO),, with a dixanthogen, (ROCS,,)
,. The reaction 1s conducted at temperatures ranging from
about ambient conditions (e.g., room temperature) to about
140° C., especially between about 80° C. to about 120° C., for
from about 2 to about 10 hours. For example, the Mo(CO),
and the dixanthogen may be refluxed in toluene for times
ranging from about 2 to about 8 hours. The reaction time and
temperature will depend upon the dixanthogen selected and
the solvent used in the reaction. However, the reaction should
be conducted for a period of time suificient to form the com-
pound. Solvents that are useful in the reaction include aro-
matic hydrocarbons, especially toluene.

[0105] Dixanthogens that are especially useful can be rep-
resented by the formula (ROCS, ), in which R can be the same
or different organo groups selected from alkyl, aryl, and
alkoxvyalkyl groups having a suilicient number of carbon
atoms such that the compound formed 1s soluble in a lubri-
cating o1l. Preferably R will have from 2 to 20 carbon atoms.
More preferably, R will be an alkyl group having from 2 to 20
carbon atoms, especially from 4 to 12 carbon atoms.

[0106] In forming Mo,S,(ROCS,)., the mole ratio of dix-

anthogen to molybdenum hexacarbonyl should be greater

than about 1.5 to 1.0. For example, 1n preparing this com-
pound, mole ratios of (ROCS,), to Mo(CO), 1n the range of
from about 1.6:1 to about 2:1 are preferred.

Immobilized Device

Hydroperoxide Remover Chemical Filter
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[0107] Depending primarily upon the time and temperature
at which the Mo(CO), and (ROCS,),, are reacted, the molyb-
denum and sulfur containing additive that forms 1s a brown
compound, a purple compound, or a mixture of both. Shorter
reaction times (e.g., four hours or less) favor the formation of
the purple compound. Longer reaction times (e.g., four hours
or more) favor formation of the brown compound. For
example, when (C.H,,OCS,), 1s reacted with Mo(CO), 1n
toluene for four hours at 100° C. to 110° C., most of the
starting material 1s converted to the purple compound, with
virtually none of the brown compound being present. How-
ever, continued heating of the reaction mixture results 1n
conversion of the purple compound to the brown compound.
Indeed, after about six or seven hours, the purple form 1is
largely converted to the brown form.

[0108] The Mo(CO), and dixanthogen can be contacted for
a period of time suificient for reaction to occur, but typically
less than about 7 hours. Beyond 7 hours, undesirable solids
begin to form. To maximize the formation of the compound
and minimize the formation of undesirably solid by-products,
the Mo(CO), should be reacted with the dixanthogen at tem-
peratures of about 100° C. to about 120° C. for times ranging
from about five to six hours, thereby producing reaction mix-
tures which contain both the brown and purple forms of the
compounds. This 1s not a disadvantage because both forms
are ellective additives, and mixtures of the two species
(brown and purple) perform as well as eirther species alone.

[0109] The compounds formed with R groups between
about C,H, and about C,  H,, can be readily separated from
o1ly organic by-products of the reaction by extracting the oily
by-products with moderately polar solvents such as acetone,
cthyl alcohol, or 1sopropyl alcohol. The compounds with
these R groups are substantially insoluble 1n such solvents,
while the oily by-products are soluble. Separation of the
compounds from the by-products, however, 1s not necessary
because the by-products do not detract from the beneficial
functional properties of the compounds.

[0110] The physical properties of the purple and brown
forms vary with the R group. For example, the compound 1s a
crystalline solid when R 1s C,H. and an amorphous solid
when R 1s larger than about C-H, ..

[0111] The purple compound formed 1n reacting Mo(COy)
with (ROCS,), 1s a thiocubane of the formula Mo,S,

(ROCS.,)..

[0112] The brown compound formed 1n reacting Mo(COy)
with (ROCS.), 1s also believed to have a structure very similar
to the thiocubane structure of the purple compound based on
its ease of formation from the purple compound and chemical
analysis.

[0113] While not wishing to be bound by a particular
theory, the hydroperoxides 1n the o1l are believed to contact
the heterogeneous hydroperoxide decomposer and be cata-

lytically decomposed into harmless species that are soluble 1n
the o1l.

[0114] The precise amount of hydroperoxide decomposer
used can vary broadly, depending upon the amount of hydro-
peroxide present 1n the lubricant. However, although only an
amount effective (or suificient) to reduce the hydroperoxide
content of the lubricating o1l need be used, the amount will
typically range from about 0.05 to about 2.0 wt. %, although
greater amounts could be used. Preferably, from about 0.01 to
about 1.0 wt. % (based on weight of the lubricant) of the
hydroperoxide decomposer can be used.
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[0115] The heterogencous hydroperoxide decomposers
can be immobilized in some manner when contacting the o1l.
For example, they can be immobilized on a substrate. How-
ever, a substrate would not be required 11 the hydroperoxide
decomposer used were the crystalline form of Mo,S,
(ROCS,), wherein R 1s C,H-. Preterably, the substrate will be
located within the lubrication system (e.g., on the engine
block or near the sump) and the substrate will be part of the
filter system for filtering the engine’s lubricating o1l, although
it could be separate therefrom. Suitable substrates include,
but are not limited to, alumina, activated clay, cellulose,
cement binder, silica-alumina, and activated carbon. Alu-
mina, cement binder, and activated carbon are preferred sub-
strates, with activated carbon being particularly preferred.
The substrate may (but need not) be 1nert and can be formed
into various shapes such as pellets or spheres.

[0116] The hydroperoxide decomposer may be incorpo-
rated on or with the substrate by methods known to those
skilled 1n the art. For example, 11 the substrate were activated
carbon, the hydroperoxide decomposer can be deposited by
using the following technique. The hydroperoxide decom-
poser 1s dissolved in a volatile solvent. The carbon 1s then
saturated with the hydroperoxide decomposer-containing
solution and the solvent evaporated, leaving the hydroperox-
1de decomposer on the carbon substrate.

[0117] Hydroperoxides are produced when hydrocarbons
in the lubricating o1l contact the peroxides formed during the
fuel combustion process. As such, hydroperoxides will be
present 1n essentially any lubricating o1l used 1n the lubrica-
tion system of essentially any internal combustion engine,
including automobile and truck engines, two-cycle engines,
aviation piston engines, marine and railroad engines, gas-
fired engines, alcohol (e.g. methanol) powered engines, sta-
tionary powered engines, turbines, and the like. In addition to
hydroperoxides, the lubricating o1l will comprise a major
amount of lubricating o1l basestock (or lubricating base o1l)
and a minor amount of one or more additives. The lubricating
o1l basestock can be denived from a wide variety of natural
lubricating oils, synthetic lubricating oils, or mixtures
thereol. In general, the lubricating o1l basestock can have a
viscosity in the range of about 5 to about 10,000 ¢St at 40° C.,
although, 1n some embodiments, the o1l can have a viscosity
ranging from about 10 to about 1,000 ¢St at 40° C.

[0118]

[0119] Another embodiment of a chemical filter having 1n
accordance with the mvention can be employed within the
lubrication system of internal combustion engines to 1mmo-
bilize combustion acids by immobilizing a strong base within
the filter as described 1n parent U.S. patent application Ser.
No. 11/133,530. Soluble weak bases (“dispersants”) are typi-
cally employed in commercial lubricants to help neutralize
combustion acids and to prevent agglomeration of soot par-
ticles. The combustion acids and soot particles enter the lubri-
cant with combustion blow-by gases and through the bound-
ary layer of lubricant that may or may not contain recirculated
exhaust gas. Neutralization preferably occurs before the acids
reach metal surfaces to produce corrosion or piston deposits
and before the soot particles form a three dimensional, vis-
cosity-increasing structure. The weak bases and combustion
acids interact to form combustion acid-weak base complexes
(or salts) that travel within the lubricating o1l. Aspects of the
present invention provide chemical filters that employ some
media comprising a strong base material. These filters can be
placed at any location within the lubrication system, such as,

Strong Base Chemical Filter
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for example, the location of a traditional o1l filter. The strong
base material 1n the chemical filter displaces the weak base
from the combustion acid-weak base complex. Once the
weak base has been displaced from the soluble neutral salts,
the combustion acid-strong base salts thus formed will be to a
large degree immobilized as heterogeneous deposits with the
strong base 1n the filter or with the strong base on a substrate
it one 1s used. Thus, combustion acid neutralized salts which
would normally form deposits 1n the piston ring zone now
occur outside this zone when the soluble salts contact the
strong base. The combustion acids accordingly are seques-
tered 1n the chemical filter and the displaced weak base mate-
rial 1s effectively recycled to neutralize subsequently pro-
duced acids. This displacement functions via 1on exchange
whereby the strong base disposed in the chemical filter
exchanges with the weak base in the combustion acid-weak
base complex. As a result, the weak base 1s regenerated and
recycled with the lubricant to neutralize additional acid. This
process 1s 1llustrated 1n schematic form 1 FIG. 10 and 1s
discussed 1n more detail below.

[0120] In some embodiments, the chemical filter can
lengthen the time between o1l drains by providing an addi-
tional mechanism to sequester combustion acids and disperse
soot. In addition, piston deposits and corrosion can be
reduced by transierring combustion acids from combustion
acid-weak base complexes 1n the o1l and immobilizing them
with the strong base. The recycling of dispersant weak base
materials for reuse 1n the dispersion of soot can minimize the
increase of viscosity due to soot agglomeration.

[0121] The strong base can be icorporated, e.g. impreg-
nated, on or with a substrate immobilized 1n the device of the
lubricating system of the engine. The device 1s preferably
located subsequent to (or downstream of) the piston ring
zone. Thus, the device can be located on the engine block or
near the sump. Preferably, the device includes the substrate
incorporated into the filter system for filtering o1l, or the
traditional o1l filter. In other embodiments, the device 1s dis-
tinct from the traditional o1l filter and can include a chemical

filter, which 1s a substrate having strong base incorporated
therewith.

[0122] Suitable substrates mclude, but are not limited to,
alumina, activated clay, cellulose, cement binder, silica-alu-
mina, and activated carbon. The alumina, cement binder, and
activated carbon are preferred. The substrate may be inert or
not inert.

[0123] The strong base can be incorporated on or with the
substrate by methods known to those skilled in the art. For
example, for the substrate alumina, the strong base can be
deposited by using the following technique. A highly porous
alumina 1s selected. The porosity of the alumina 1s determined
by weighing dried alumina and then immersing it 1n water.
The alumina 1s removed from the water and the surface water
removed by blowing with dry air. The alumina 1s then
reweighed and compared to the dry alumina weight. The
difference 1n weight 1s expressed as grams of water per gram
of dry alumina. A saturated solution of magnesium oxide 1n a
suitable polar solvent 1s prepared. This solution 1s then added
to the dry alumina 1n an amount equal to the difference
between the weight of wet and dry alumina. The polar solvent
1s removed from the alumina with heat leaving MgO depos-
ited on the alumina as the product. This preparation can be
carried out at and ambient conditions, except the) solvent
removal step 1s performed at a higher temperature or at low
pressure.
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[0124] The amount of strong base required will vary with
the amount of weak base 1n the oil and the amount of com-
bustion acids formed during engine operation. Although any
amount of strong base 1n the chemical o1l filter would be
beneficial, since the strong base 1s not being continuously
regenerated for reuse as 1s the weak base (1.¢., the dispersant),
the amount of strong base should be at least equal to a /3 the
equivalent weight of the weak base 1n the o1l. Therefore, the
amount of strong base should be from 14 to about 15 times,

preferably from %5 to about 5 times, the equivalent weight of
the weak base 1n the oil.

[0125] Once the weak base has been displaced from the
soluble neutral salts, the strong base/strong combustion acid
salts thus formed will be 1immobilized as heterogeneous
deposits within the filter, 1.e. away from the piston. Only those
combustion acid salts remaining in the lubricant can form
polar deposits on the piston. Thus piston deposits are
decreased as combustion acids are immobilized 1n the chemi-
cal o1l filter. Preferably, the strong base will be located such
that it can be easily removed from the lubrication system, e.g.,
included as part of the o1l filter system where the strong base
can be removed along with removal or changing of the tradi-
tional o1l filter.

Top-Up-0Oi1l

[0126] Some aspects of the present mvention include a
top-up-o01l that supplements the lubricant lost during the
operation of the combustion engine. Since lubricant additives
are not used up at the same rate, the top-up o1l typically
includes substantially elevated amounts of at least one lubri-
cant additive. For example, the top up o1l can contain from the
same to about ten times the concentration of ashless anti-
oxidants as 1s 1n the 1nitial o1l charge, or lubricant; from the
same to about five times the concentration of dispersant as 1s
in the mnitial o1l charge; and from the same to about four times
the concentration of viscosity modifier as 1n the initial o1l
charge.

[0127] The normal practice 1s to use iresh o1l lubricant for
top up that 1s the same as the original lubricant. In accordance
with the mvention, the top up need not be the same as the
original lubricant as 1t 1s specially formulated to replace the
constituents that are removed from the lubricant over time.
Thus, while the original charge 1s a lubricant, the top-up-oil 1s
not a lubricant because 1t 1s not a balanced lubricant formu-
lation and would not work well as a lubricant. There are sound
technical reasons why the top-up-oil 1s different than the fresh
lubricant. These reasons revolve around the rate of depletion
of different additives in the fresh lubricant. The anti-oxidant
1s consumed as part of 1ts function and 1s therefore depleted at
a fairly fast rate. The dispersant with current technology 1s
also consumed as part of 1ts function of neutralizing combus-
tion acids. However, 1n accordance with the invention the
dispersant1s recycled for reuse and 1s consumed by dispersing
soot and sludge and by a slow oxidative and thermal degra-
dation and thus 1ts rate of depletion 1s less than that of the
anti-oxidant. The molecular weight of the viscosity modifier
1s reduced by shear stress and thus its effectiveness slowly
decreases but also at a slower rate than the anti-oxidant i1s
depleted. As a result, 1t 1s necessary that the concentration of
these three additives be different in the top-up-oil than they
are 1n the fresh o1l since the intent 1s to bring the relative
concentrations of these additives 1n the lubricant back to that
of the fresh o1l charge.
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[0128] The lubrication system can provide an extended o1l
drain 1nterval and approach a never-drain oil. The top-up-oil
acts to compensate for oil consumption lost as a part of
normal operation of the combustion engine and lubrication
system. Much of the o1l 1s lost via escape between the piston
rings and piston chamber, which ultimately 1s burned off in
the combustion chamber. The top-up-o1l also replenishes
lubricant additives in the lubricant. Each of these lubricant
additives 1s consumed or loses their potency at different rates.
As such, the lubricant additives 1n the top-up-o1l have a dii-
ferent ratio than they do 1n an 1nitial fresh o1l charge.

[0129] The anti-wear additive 1s consumed as 1t forms a
protective wear layer on metal surfaces. Because the normal
anti-wear additive contains a metal and phosphorus 1t1s desir-
able not to introduce a surge of ash precursors and phosphorus
with a top-up oi1l. Such a surge of ash precursors would foul
the exhaust gas particle filter and the phosphorus would poi-
son the emission catalyst. Thus, the anti-wear additive will be
replenished by slow release from the device, such as the
chemical o1l filter, and anti-wear additive can be at a low
concentration or absent from the top-up oil.

[0130] The ashless anti-oxidant 1s also consumed during
normal engine operation. The lubrication system can provide
excellent oxidative protection by maintaining a relatively
high level of anti-oxidant in the top-up oil, from twice to
about ten times the concentration 1n the initial o1l charge.
[0131] The dispersant 1s degraded 1n potency during nor-
mal engine operation. Pendant polyisobutylene groups solu-
bilize a common ashless dispersant, but despite the excellent
oxidative protection for the lubricant, some degradation of the
polyisobutylene will occur. This degradation decreases the
molecular weight of the polyisobutylene and the effective-
ness of the dispersant. To compensate for this decrease in
dispersant potency, the top-up-oil can contain from the same
to about five times the concentration of dispersant as in the
initial o1l charge.

[0132] The wviscosity modifier 1s slowly degraded 1n
potency by, e.g., shear acting on the high molecular weight
polymer to lower its molecular weight, which can degrade its
potency 1n viscosity modification. To compensate for this
decrease in the ability of the viscosity modifier to maintain the
proper viscosity, the top-up-o1l can contain from the same to
about four times the concentration of viscosity modifier as 1s
in the initial o1l charge.

[0133] The top-up-oil preterably comprises lubricant addi-
tives that do not substantially contribute to SAPS levels, e.g.,
anti-oxidants, dispersants and viscosity modifiers. The level
of dispersants, anti-oxidants, and viscosity modifiers are sub-
stantially elevated compared to a fresh lubricant charge. In
some embodiments, the top-up-o01l can have significantly
reduced levels of detergent, and preferably, substantially no
detergent.

[.ubricant

[0134] The lubricating (or crankcase) o1l circulating within
the lubrication system of a typical internal combustion engine
will comprise a major amount of a lubricating o1l basestock
(or base 01l) and a minor amount of one or more additives. The
lubricating o1l basestock can be derived from natural Iubri-
cating o1ls, synthetic lubricating oils, or mixtures thereof. In
general, the lubricating o1l basestock will have a viscosity 1in
the range of about 5 to about 10,000 ¢St at 40° C., although
typical applications will require an o1l having a viscosity
ranging from about 10 to about 1,000 ¢St at 40° C.
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[0135] Natural lubricating oils include animal, vegetable
(e.g., castor o1l and lard o1l), petroleum, or mineral oils.

[0136] Synthetic lubricating oils include alkylene oxide
polymers, interpolymers, and derivatives thereof wherein the
terminal hydroxyl groups have been modified by esterifica-
tion, etherification, etc. This class of synthetic oils 1s exem-
plified by polyoxvalkylene polymers prepared by polymer-
ization of ethylene oxide or propylene oxide; the alkyl and
aryl ethers of these polyoxyalkylene polymers (e.g., methyl-
poly 1sopropylene glycol ether having an average molecular
weight of 1000, diphenyl ether of poly-ethylene glycol hav-
ing a molecular weight of 500-1000, diethyl ether of polypro-
pylene glycol having a molecular weight of 1000-13500); and
mono- and polycarboxylic esters thereof (for example, the
acetic acid esters, mixed C,-C, fatty acid esters, and C, ; oxo
acid diester of tetraethylene glycol).

[0137] Another suitable class of synthetic lubricating oils
comprises the esters of dicarboxylic acids (e.g., phthalic acid,
succinic acid, alkyl succinic acids and alkenyl succinic acids,
maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric
acid, adipic acid, linoleic acid dimer, malonic acid, alkylma-
lonic acids, alenyl malonic acids) with a varniety of alcohols
(e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethyl-
hexyl alcohol, ethylene glycol, diethylene glycol monoether,
propylene glycol). Specific examples of these esters include
dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl fuma-
rate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the
2-ethylhexyl diester of linoleic acid dimer, and the complex
ester formed by reacting one mole of sebacic acid with two
moles of tetracthylene glycol and two moles of 2-ethylhex-
anoic acid.

[0138] Esters useful as synthetic oils also include those
made from C; to C,, monocarboxylic acids and polyols and
polyol ethers such as neopentyl glycol, trimethylolpropane,
pentaerythritol, dipentaerythritol and tripentaerythritol.

[0139] Silicon-based oils such as the polyakyl-, polyaryl,
polyalkoxy-, or polyaryloxysiloxane oils and silicate oils
comprise another useful class of synthetic lubricating oils;
they include tetraethyl silicate, tetraisopropyl silicate, tetra-
(2-ethylhexyl) silicate, tetra-(4-methyl-2-ethylhexyl) sili-
cate, tetra(p-tert-butylphenyl) silicate, hexa-(4-methyl-2-
pentoxy) disiloxane, poly(methyl) siloxanes and poly
(methylphenyl) siloxanes. Other synthetic lubricating oils
include liquid esters of phosphorus-containing acids (e.g.,
tricresyl phosphate, trioctyl phosphate, diethyl ester of
decylphosphonic acid); polymeric tetrahydrofurans, and
polyalphaolefins.

[0140] The lubricating o1l, or lubricant, can be dertved from
unrefined, refined, and re-refined oils. Unrefined oils are
obtained directly from a natural source or synthetic source
(e.g., coal, shale, or tar sands bitumen) without further puri-
fication or treatment. Examples of unrefined oils include a
shale o1l obtained directly from a retorting operation, a petro-
leum o1l obtained directly from distillation, or an ester oil
obtained directly from an esterification process, each of
which 1s then used without further treatment. Refined oils are
similar to the unrefined oils except that refined o1ls have been
treated 1n one or more purification steps to improve one or
more properties. Suitable purification techniques include dis-
tillation, hydrotreating, dewaxing, solvent extraction, acid or
base extraction, filtration, and percolation, all of which are
known to those skilled in the art. Re-refined oils are obtained
by treating refined oils 1n processes similar to those used to
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obtain the refined oils. These re-refined oils are also known as
reclaimed or reprocessed oils and often are additionally pro-
cessed by techniques for removal of spent additives and o1l
breakdown products.

[Lubricant Additives

[0141] Weak Base 1in Lubricant

[0142] The lubricating o1l can include a weak base, which
will normally be added to the lubricating o1l during 1ts for-
mulation or manufacture. The weak bases can be basic orga-
nophosphorus compounds, basic organonitrogen com-
pounds, or mixtures thercol, with basic organonitrogen
compounds being preferred. Families of basic organophos-
phorus and organonitrogen compounds include aromatic
compounds, aliphatic compounds, cycloaliphatic com-
pounds, or mixtures thereof. Examples of basic organonitro-
gen compounds include, but are not limited to, pyridines,
anilines, piperazines, morpholines, alkyl, dialkyl, and trialky
amines, alkyl polyamines, and alkyl and aryl guanidines.
Alkyl, dialkyl, and trialkyl phosphines are examples of basic
organophosphorus compounds.

[0143] Examples of particularly eflective weak bases are
the dialkyl amines (R, HN), trialkyl amines (R N), dialkyl
phosphines (R, HP), and trialkyl phosphines (R, P), where R
1s an alkyl group, H 1s hydrogen, N 1s nmitrogen, and P 1is
phosphorus. All of the alkyl groups 1n the amine or phosphine
need not have the same chain length. The alkyl group should
be substantially saturated and from 1 to 22 carbons in length.
For the di- and tri-alkyl phosphines and the di- and trialkyl
amines, the total number of carbon atoms 1n the alkyl groups
should be from 12 to 66. Preferably, the individual alkyl group
will be from 6 to 18, more preferably from 10 to 18, carbon
atoms 1n length.

[0144] Trnalkyl amines and trialkyl phosphines are pre-
ferred over the dialkyl amines and dialkyl phosphines.
Examples of suitable dialkyl and trialkyl amines (or phos-
phines) include tributyl amine (or phosphine), dihexyl amine
(or phosphine), decylethyl amine (or phosphine), trihexyl
amine (or phosphine), trioctyl amine (or phosphine), trioctyl-
decyl amine (or phosphine), tridecyl amine (or phosphine),
dioctyl amine (or phosphine), trieicosyl amine (or phos-
phine), tridocosyl amine (or phosphine), or mixtures thereof.
Preferred trialkyl amines are trihexyl amine, trioctadecyl
amine, or mixtures thereof, with trioctadecyl amine being
particularly preferred. Preferred trialkyl phosphines are tri-
hexyl phosphine, trioctyldecyl phosphine, or mixtures
thereof, with trioctadecyl phosphine being particularly pre-
terred. Still another example of a suitable weak base 1s the
polyethylencamine 1mide of polybutenylsuccinic anhydride
with more than 60 carbons 1n the polybutenyl group.

[0145] The weak base must be strong enough to neutralize
the combustion acids (1.e., form a salt or a soluble or dispers-
ible complex). Suitable weak bases preferably have a pKa
from about 4 to about 12. However, even strong organic bases
(such as organoguanidines) can be utilized as the weak base 11
the strong base 1s an appropriate oxide or hydroxide and 1s
capable of releasing the weak base from the weak base-
combustion acid complex.

[0146] The molecular weight of the weak base should be
such that the weak base-combustion acid complex retains 1ts
o1l solubility. Thus, the weak base should have suificient
solubility so that the salt formed does not separate from the
o1l. Adding alkyl groups to the weak base 1s the preferred
method to ensure 1ts solubility.

il
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[0147] The amount of weak base 1n the lubricating o1l for
contact at the piston ring zone will vary depending upon the
amount ol combustion acids present, the degree of neutral-
ization desired, and the specific applications of the oil. In
general, the amount need only be that which 1s effective or
suificient to neutralize practically all acid as 1t enters the
lubricant. Typically, the amount will range from about 0.01 to
about 6 weight percent dispersant polymer or more, prefer-
ably from about 0.1 to about 4 weight percent dispersant
polymer. Dispersant 1s usually sold and used as a concentrate
containing, at least 1n some cases, 50 weight percent dispers-
ant polymer and 50 weight percent oil. At high concentra-
tions, weak base dispersants can increase viscosity. The use of
EGR has increased the acid load on the lubricant and
increased the dispersant in the lubricant to the maximum
commensurate with viscosity requirements.

Lubrication System

[0148] The lubrication system of the invention combines
the above components 1n a fashion such that it can work with
any internal combustion engine. In FIG. 1, the lubrication
system 210 1s shown 1n fluid connection with a diesel engine
215. The diesel engine 2135 includes after-treatment devices,
shown as a NO, removal system 217 and a particulate filter
219. As 1llustrated, an exhaust gas recirculation system may
also be provided. FIG. 2 shows a lubrication system 220 that
1s 1n fluid connection with a gasoline engine 225. The gasoline
engine 225 1s equipped with an after treatment mechanism,
such as a catalytic converter 228, in conventional fashion.

[0149] The NO, removal system 217, particulate filter 219,
and catalytic converter 228 represent treatment devices that
can be used to intercept the exhaust from an engine and
decrease pollutant levels released into the environment. Many
countries have emission standards that necessitate the incor-
poration of an after-treatment mechanism to all combustion
engine exhausts. Furthermore, 1t 1s recognized that industry
or government standards can require after-treatment mecha-
nisms, or after-treatment devices, to have a certain life cycle.
In other words, the after-treatment mechanisms are required
to operate for a length of time as measured by the duration of
operation of the associated engine. Often, the life cycle 1s
measured 1n terms of miles under which the engine 1s in
operation. It 1s further recognized that an increase i SAPS
can significantly reduce the lifecycle of such after treatment
devices; therefore, reduction in SAPS levels, without signifi-
cantly reducing the performance of the lubricant, can greatly
improve the life cycle of the after-treatment devices.

[0150] FIG. 3 illustrates one embodiment of a lubrication
system 1n fluid communication with a combustion engine 1n
accordance with the imnvention. Lubricant 230 1s shown trav-
cling through a lubricant supply line 232 and mteracting with
an 1internal combustion engine 234, as shown 1n an exploded
view ol a piston cylinder 236 1n FIG. 3, which includes a
piston 238 having piston rings 240 within combustion zone
242. By-products of the combustion 1n the combustion zone
242 are output to the after-treatment device via exhaust 243.
The lubricant 230 also 1s i fluild communication with a
device 244, which can either be a chemuical filter or a metering
device. In the instances where the device 244 1s a chemical
filter, a traditional o1l filter also may be located 1n the lubricant
supply line 232 and 1n fluid communication with the lubricant
230. Of course, the traditional o1l filter and chemical filter
could be combined into the same element, as described in

related U.S. patent application Ser. No. 11/133,530. The
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lubricant 230 1s returned to a lubricant sump 246 via lubricant
return 248 and via a lubricant pump 230 1s recirculated
throughout the lubricant supply line 230 towards the combus-
tion engine 234. Additionally, a top-up-o1l 252 1s shown

entering into the lubricant sump 244 and adding to the level of
lubricant 230.

[0151] As shown m FIG. 4, a chemical o1l filter 244 1s
shown along with arrows representing inflow 260 and outtlow
262 of lubricant with respect to the chemical filter 244. The
chemical filter 244 1ncludes a matrix [or substrate] 264 that
has a solid lubricant additive 266 attached to 1t. A blowup of
the lubricant additive 266 shows 1t enveloped within lubricant
that 1s 1n fluud tflow, the tlow represented by the multiple
arrows 268 surrounding the solid lubricant additive 266. As
the lubricant flows around the solid lubricant additive 266, 1t
dissolves into the lubricant under standard solubility rate
kinetics, thereby increasing the concentration of the solid
lubricant additive to the lubricant. Preferably, the rate of
solubility will provide for a constant concentration of the
lubricant additive 1n the lubricant—matching the amount lost
through burn off at the combustion chamber or consumption.

[0152] FIG. 5 shows one example of slowly releasing lubri-
cant additives from a fixed location, within a device, into the
lubricant. As 1llustrated, there 1s a concentration equilibrium
relationship between solid additive, dissolved additive and
consumed additive. An equilibrium constant K exists
between the solid lubricant additive and the dissolved addi-
tive and 1nvolves the rate at which the solid dissolves (k;,),
which 1s countered by the rate at which dissolved lubricant
additive re-deposits or precipitates (k,). Additionally,
because some lubricant additive 1s eventually degraded or
consumed, or lost through escape into the engine’s combus-
tion chamber, there 1s a rate at which lubricant additive 1s
consumed (k,). The constant k, modifies K to give the actual
equilibrium constant. The equilibrium constant 1s large for
highly soluble materials such as conventional ZnDDP or
commercially available ZnDDP; however, by reducing the
length of the long alkyl chain moieties or other chemical
changes known to those skilled 1n the art, equilibrium solu-
bility of the highly soluble material can be sigmificantly
reduced.

[0153] FIG. 6 1llustrates a chemical o1l filter 270 along with
arrows representing inflow 260 and outflow 262 of lubricant
with respect to the chemaical o1l filter 270. The chemical o1l
filter 270 1ncludes a matrix [or substrate] 272 that has a solid
lubricant additive 274 attached to it. A blowup of the lubricant
additive 274 shows 1t encased or enveloped 1n a semi-perme-
able membrane 276. The semi-permeable membrane 276 has
a plurality of small holes or openings. The solid lubricant
additive 274 1s also enveloped within lubricant that 1s 1n fluid
flow, the flow represented by the multiple arrows 278 sur-
rounding the solid lubricant additive 274. As the lubricant
flows around the lubricant additive 274, lubricant additive
diffuses into the lubricant under standard solubility and dii-
fusion rate kinetics, thereby increasing the concentration of
the lubricant additive 274 1n the lubricant steadily over time.
Preferably, the rate of solubility will provide for a constant
concentration of the lubricant additive in the lubricant—
matching the amount lost through burn off at the combustion
chamber or consumption as, e.g., anti-wear additive 1s worn
ol between sliding metal parts. Other devices or techniques
that control the rate at which additive enters the lubricant via
a diffusion-related mechanism are possible and envisioned.
One such possibility might be a closed container with small
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openings through which an additive must diffuse; another
possibility 1s a tubular coil out of which an additive must
migrate. See, for example, U.S. Pat. No. 5,718,238. Further,
additives may be incorporated into polymers which are oil
permeable at elevated temperatures or into particles which are
oil-insoluble, but oil-wettable. See, for example, U.S. Pat.
No. 4,066,539 or 5,478,463. In another approach, solid o1l-
soluble polymers that may function as viscosity modifiers and
that may contain additives within may be used to achieve slow

release. See, for example U.S. Pat. No. 4,014,794,

[0154] FIG. 7 illustrates a schematic of another embodi-
ment of the present invention 1n which lubricant additives are
released 1nto circulating lubricant via a metering device. A
lubrication system 280 1s shown to include lubricant a con-
ventional lubrication system 285 that 1s 1in fluid communica-
tion with an internal combustion engine 290. As illustrated, a
reservolr 292 housing solid or liquid lubricant additive con-
centrate communicates with the lubrication system 285 via a
metering device, such as pump 295, which provides a con-
trolled fluid connection between the reservoir 292 and the
lubricant system 285. The metering device 295 can be con-
trolled to slowly release the lubricant additive stored in the
reservolr 292 into the lubricant 283. Preferably, the release
will be at a rate to provide a constant concentration of the
lubricant additive to provide effective engine protection with-
out deleterious effect on the engine or the after treatment

mechanisms, as discussed herein and generally known in the
art

[0155] FIG. 81llustrates a schematic of yet another embodi-
ment of the present invention in which a top-up-oil 1s included
in the lubrication system. As shown, lubrication system 300
includes lubricant 305 that 1s 1n fluid communication with an
internal combustion engine 310. Also, top-up-o1l 3151s added
to the lubrication system 300 by fluid mixing 1n, for example,
a lubricant sump. By addition of a top-up-o1l 315, the lubri-
cant 305 can have an increased lifecycle as concentrations of
lubricant additives are added via the top-up-o1l 315. This
ultimately leads to decreased o1l changes, which provides
added value to society as waste o1l and the frequency of oil
changes are reduced.

[0156] FIG. 91llustrates a blow up view of a vertical cross-
section of a piston chamber of an internal combustion engine
of the type shown 1n FIG. 3 1n order to better illustrate lubri-
cant loss via ring slippage. A piston chamber 236 1s shown to
include a piston 238 having piston rings 240 that abut walls of
piston chamber 236. Surrounding the piston 238 is lubricant
232. As 1llustrated, some of the lubricant 232 slips past the
piston rings 240 as the piston 238 moves back and forth
within the piston chamber 236. Eventually, some amounts of
the lubricant 232 slips past the piston rings 240 and into the
combustion chamber 242 where the lubricant 232 1s burned
and lost. The exploded view shows ring slippage of lubricant
232. Such slippage leads to the loss of lubricant and the need
for top-up-o1l as described above.

[0157] FIGS. 10-27 below relate to a chemaical filter for use

in the system described above. The description with respectto
such figures can be found 1n the co-pending U.S. parent patent
application Ser. No. 11/133,530 referenced above and incor-
porated herein by reference. As noted above, the strong base
may be replaced in the chemaical filter by a suitable anti-
oxidant such as a hydroperoxide decomposition agent or radi-
cal scavenger or a combination thereof.

[0158] FIG. 10 1illustrates a diagram of the recycling of
weak base as 1on exchange of the combustion acid 1s provided
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by the strong base incorporated into a chemaical filter of the
present invention. Weak base at the site of production of the
combustion acid, 1.e., the piston ring zone, complexes with
the combustion acid. This complex tflows with the lubricant in
circulation until it reaches the strong base 1n the filter, where
there 1s an 10n exchange. The 10n exchange releases the weak
base as the combustion acid complexes with the strong base.

[0159] As shown in FIG. 11, an exemplary chemical filter
10 1s created, which 1s a modified conventional o1l filter.
Lubricating 011 12 1s passed into a filter housing 14 having one
or more o1l inlets 16 and an o1l outlet 18. Within filter housing
14 1s a chemically active filter member 20 surrounding an
inactive size-exclusion filter member 22. Chemically active
filter member 20 1ncludes filtration media 24 that contains a
strong base material that will be described 1n more detail
below. As shown more clearly in FIG. 12, chemically active
filter member 20 1s 1n the form of a cylindrical filter insert that
can be sized and configured for disposition 1n a non-limited
variety of positions, including that shown i FIG. 11 (.e.,
radially outward from 1nactive size-exclusion filter member
22). A chemically active filter member or insert 20 can be
formed into solid, porous structures with employment of
binders and known processes for binding particulate matter,
as discussed 1n more detail below.

[0160] AsalsoshowninFIG. 11, o1l containing combustion
acid-weak base complexes enter filter housing 14 through
inlets 16 and travels down annular space 26. The o1l then
flows radially inward and passes, 1n series, through chemi-
cally active filter member 20 and 1nactive size-exclusion filter
member 22. When passing through chemically active filter
member 20, the strong base material associated with filtration
media 24 displaces the weak base from the complexes,
thereby immobilizing the combustion acids in chemaical filter
10. The o1l containing recycled weak base material then exits
filter 10 through outlet 18, and the recycled weak base mate-
rial 1s made available to neutralize additional combustion-
related acids. The features of chemical filter 10, and configu-
ration of the same, 1s exemplary only and 1s not limiting for
purposes of properly construing the appended claims. Fur-
thermore, chemically active filter member 20 and filtration
media 24 are drawn simply to 1llustrate that chemically active
filter member 20 1ncludes a collection of particulate matter
that permaits the through flow of 01l. The figure 1s not intended
to represent actual dimensionality of filtration media pro-
vided by the present invention. Some embodiments, having a
certain size and distribution of the particulate matter, and the
s1ze and distribution of interstitial pores defined between
adjacent particles, will be described 1n more detail below.

[0161] Filtration media 24 includes a collection of particles
that are held closely together. FIG. 13 1s a schematic of
exemplary filtration media 24 that includes primary particles
30, which include 1nternal pores 32, and interstitial pores 34
defined between adjacent particles 30 and that facilitate dii-
tusion. The pore diameter of a majority of interstitial pores 34
1s preferably less than about 1 millimeter, and more prefer-
ably less than about 500 micrometers. In preferred embodi-
ments, interstitial pores 34 are substantially uniformly dis-
tributed so as not to cause excessive channeling or flow
through only a few portions of the filtration media. The inter-
stitial pores are preferably large enough to allow debris,
which 1s capable of arising 1n a lubrication system, to pass
through the filtration media 24 without blockage or excessive
pressure buildup. The size and distribution of the interstitial
pores 34 can vary to a certain degree from the noted preferred
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characterizations while still being usetul in accordance with
the present mvention. As used herein the term “filtration
media pores” includes both internal pores and interstitial
pores.

[0162] The particles are preferably bound together with a
binder material. The particles can alternatively be held
closely together with physical constraints (with or without
employment of a binder), such as, for example, entrapped
within or disposed on a surface of a fibrous web, or disposed
on a sheet of filter paper or between multiple sheets of {filter
paper or the like. The fibrous webs can be made from natural
fibers (including e.g. cellulosic fibers), synthetic fibers (e.g,
polyethylene fibers) or a mixture of natural and synthetic
fibers. Fibrous webs can employ typical fibers and/or “engi-

neered fibers,” such as those disclosed 1n U.S. Pat. Nos. 6,127,
036 and 35,759,394. These wicking fibers trap dirt inside
microscopic channels engineered into the physical filter
fibers. Fibrous webs, filter paper sheets, or any other rela-
tively flexible substrate that contain filtration media particles,
as described herein, can be folded, pleated, wound, or
manipulated in any other manner to define a chemically active
filter 1nsert for incorporation into chemical filters of the
present invention.

[0163] The particles can be formed primarily from a strong
base material itself. By “strong base’ 1s meant a base that will
displace the weak base from the weak base-combustion acid
complexes and return the weak base to the o1l for recirculation
to the piston ring zone where the weak base 1s reused to
neutralize additional acids. Examples of suitable strong bases
include, but are not limited to, bartum oxide (BaO), calcium
carbonate (CaCQ,), calcium oxide (CaO), calctum hydroxide
(Ca(OH),) magnesium carbonate (MgCQO5), magnesium
hydroxide (Mg(OH),), magnesium oxide (MgQO), sodium
aluminate (NaAlQO,), sodium carbonate (Na,CO,), sodium
hydroxide (NaOH), zinc oxide (ZnQO), zinc carbonate
(ZnCO,) and zinc hydroxide Zn(OH), or theirr mixtures.
Magnesium oxide and zinc oxide are preferred strong base
materials, and one preferred mixture of strong base materials
includes the combination of magnesium oxide and zinc oxide.

[0164] As noted above, the particles can alternatively be
formed from a substrate material onto which a strong base
material 1s disposed. The strong base may be incorporated on
or with the substrate by methods known to those skilled 1n the
art. For example, substrate particles can be exposed to a
solution of dissolved strong base material and a solvent so
that the solution coats the exterior and interior surface areas of
the particles. The solvent 1s then removed, leaving a thin layer
ol strong base material disposed on the substrate particles.
FIG. 14 1s a simplified schematic illustrating this process,
wherein a substrate particle 40 1s coated with a thin layer of a
strong base material 42. Suitable substrates 40 include, but
are not limited to, activated carbon, carbon black, activated or
transition alumina, silica gel, aluminosilicates, layered
double hydroxides, micelle templated silicates and alumino-
silicates, manganese oxide, mesoporous molecular sieves,
MCM-type materials, diatomaceous earth or silicas, green
sand, activated magnesite, adsorbent resins, porous clays,
montmorillonite, bentonite, magnesium silicate, zirconium
oxide, Fuller’s earth, cement binder, acrogels, xerogels, cryo-
gels, metal-organic frameworks, 1soreticular metal-organic
frameworks, and mixtures thereof. Activated carbon has been
found to be a preferred substrate on which to deposit a very
thin or monolayer of a strong base material. For this purpose
it 1s usetul (although not required) that the carbon surface 1s
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acidic. In accordance with the preferred embodiments, hav-
ing a strong base material “associated” with particulate filtra-
tion media includes embodiments where the particles are
primarily made from the strong base material itselt, as well as
embodiments where the strong base material 1s disposed onto
substrate particles (which material itself may or may not
contribute to the strong base functionality).

[0165] It should be noted that many of the above-listed
substrates are physically active materials, and that alternative
chemical filter and/or insert embodiments of the present
invention employ mixed filtration media—both chemically
and physically active filtration media. For example, a volume
of activated carbon can be employed 1n a chemaical filter, and
only a portion of the carbon particles be coated with a strong
base material. The uncoated carbon particles would serve as
physically active filtration media capable of adsorbing any
number of o1l contaminants, and the coated particles serve as
chemically active filtration media capable of 1mmobilizing
combustion acids and recycling lubricant dispersants 1in
accordance with the invention. The mixed filtration media can
be formed 1nto a single solid structure with binder matenal.
Alternately, the physically active particles could be bound
into a first insert or component and the chemically active
particles bound into a second insert or component, with the
two components assembled within a chemical filter housing.

[0166] The amount of strong base material required will
vary with the amount of weak base 1n the o1l and the amount
of acids formed during engine operation. However, since the
strong base material 1s not being continuously regenerated for
reuse as 1s the weak base material, the amount of strong base
material 1s preferably at least equal to 14 the equivalent weight
of the weak base 1n the o1l, and more preferably two or more
times the weight of the weak base employed 1n the oil.

[0167] Theexchange between strong base and weak base 1s
a surface phenomenon. Molecules of strong base that are not
located at an accessible surface are therefore unavailable for
exchange with a weak base. A particle of strong base that 1s
non-porous, 1.€. with only exterior surface area, would have
little surface area and would likely be metlicient for exchange
with a weak base. Only those molecules at the surface would
be available for exchange and all non-surface molecules of
strong base would be unusable. Porous filtration media par-
ticles-those having internal pores—accordingly are pre-
terred. As the porosity of a particle increases, the total surface
area, 1.¢. the exterior plus interior surface area (as defined by
internal pores), greatly increases. At some measure ol poros-
ity the exterior surface area becomes inconsequential. For
particles of optimum porosity, where the exterior surface area
1s inconsequential, the particle size 1s best chosen for consid-
erations of minimizing pressure drop through the filter and for
ensuring the structural integrity of the filter bed. The particles
preferably range from about 350 nanometers to about 25
micrometers. If the particles have an effective diameter that 1s
less than about 5 micrometers, then it 1s generally preferred
that the particles be bound into aggregate particles or 1nto a
solid structure because the inactive size-exclusion filter mem-
bers required to immobilize smaller particles would impose a
large pressure drop across the filter, and 1t 1s desirable to

contain the particles within the chemaical filters of the present
invention.

[0168] Not all interior surface area 1s available for immo-
bilizing combustion acids. It 1s necessary that the combustion
acid-weak base complex be able to enter into the internal pore
to access the interior surface area that includes a strong base
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material. When contact with the strong base occurs, the com-
bustion acid-weak base complex 1on exchanges with the
strong base, the combustion acid remains immobilized on the
surface, and the regenerated weak base returns to solution.
Maximizing usable surface area maximizes the capacity of
the strong base material. Thus, a limitation to complete sur-
face utilization 1s that of size exclusion of the weak base-
combustion acid complex by a small pore or small pore
entrance. Namely, the weak base must fit into the pore or
through a size-restrictive pore entrance. As a result, the weak
base-combustion acid complex solution phase diameter of
gyration determines the smallest functional pores. The radius
(or diameter/2) of gyration of an object 1s the radius of a
thin-walled hollow cylinder that has the same mass and the
same moment of ertia as the object 1n question.

[0169] One widely used dispersant (weak base) 1s provided
by condensation of polyisobutylene succinic anhydride and a
branched poly(alkylene amine) (“PAM”). This dispersant can
be considered as a short block copolymer with oleophilic PIB
chains at the ends and a polar PAM segment 1n the middle.
The solution phase diameter of gyration 1n a random walk
configuration of this material has been estimated at 62 Ang-
stroms (see Langmuir 2005, 21, 924-32, “Effect of Tempera-
ture on Carbon-Black Agglomerates 1n Hydrocarbon Liquid
With Adsorbed Dispersant”, You-Yeon Won, Steve P. Meeker,
Veronique Trappe, and David Weitz, Department of Physics
and DEAS, Harvard Umiversity; Nancy 7. Diggs and Jacob I.
Emert, Infineum USA LP). Although not typically present in
commercial formulations, trioctadecylamine also functions
as a weak base. It could be added to a lubricant to serve this
purpose. The solution phase diameter of gyration of this mol-
ecule may be estimated at 55 Angstroms by summing C—C
and C—N bond lengths, and using the following information
and calculation:

C—C bond length=1.54 Angstroms
C—N bond length=1.47 Angstroms

2x(17x1.54 A+1.47 A)=55 A

While these two weak bases are presented as examples, suit-
able weak bases with somewhat smaller diameters of gyration
are possible, and filtration media having internal pores tai-
lored for accepting these other weak bases 1s within the scope
of the present invention. Although these calculations are
based on the mean radius or diameter of rotation of the weak
base, 1t 1s acknowledged that the mean radius or diameter of
rotation of the weak base-combustion acid complex 1s slightly
larger. However, since the combustion acid 1s complexed
predominantly near the center of the weak base, the mean
radius of rotation of the weak base and the weak base-com-
bustion acid complex are not much different.

[0170] Although not bound by this theory, some believe
that an internal pore diameter of less than 60 Angstroms will
allow very few traditional weak bases to access the pore
surface area because of size exclusion. FIG. 15 illustrates this
scenario, where a porous particle 50 has internal pores 52
having a diameter PD that 1s much too small (<<60 Ang-
stroms) to accept a bulky weak base molecule 54. An internal
pore diameter of 80 Angstroms or greater 1s believed to allow
a significant portion of the combustion acid-weak base com-
plexes to access the interior surface of a pore. An internal pore
diameter of 200 Angstroms or greater 1s believed to allow the
vast majority of weak base-combustion acid complexes to
access the interior surface of a pore. However, internal pores
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can become so large, that the structural integrity of the filtra-
tion media particles can become compromised. The upper
limit of internal pore diameter varies with manufacturing
techniques and applications. In some embodiments, the {il-
tration media particles define filtration media pores (internal
pores plus interstitial pores formed between adjacent par-
ticles) with a median pore diameter between about 60 Ang-
stroms and about 3,000 Angstroms. It should be noted that
pore diameters larger than 3,000 Angstroms are suitable for
the present invention, so long as structural integrity may be
maintained.

[0171] Filtration media particles of the present invention
preferably provide a relatively large amount of available sur-
face area for the weak base—strong base exchange; 1.e., a
surface area that 1s substantially dertved from pores (internal
pores defined within a particle and interstitial pores defined
between adjacent particles) that are large enough to accept a
combustion acid-weak base complex. In some embodiments,
the filtration media has a surface area that 1s greater than or
equal to about 25 m*/gm derived from internal pores and
interstitial pores that are capable of receiving a combustion
acid-weak base complex (see, e.g., Magchem 30 brand mag-
nesium oxide that 1s characterized 1n FIG. 27). In another
embodiment, the filtration media has a surface area that 1s
greater than or equal to about 30 m*/gm derived from internal
pores and interstitial pores that are capable of receiving a
combustion acid-weak base complex (see, e.g., Premium
brand magnesium oxide that 1s characterized 1n FIG. 27). In
yet another embodiment, the filtration media has a surface
area that is greater than or equal to about 50 m*/gm derived
from 1nternal pores and interstitial pores that are capable of
receiving a combustion acid-weak base complex (see, e.g.,
Magchem 40 brand magnesium oxide that 1s characterized 1n
FIG. 27). A methodology for measuring the surface area 1n
accordance with the above embodiments 1s mercury intrusion
porosimetry. Mercury porosimetry utilizes the Washburn
equation to calculate pore size information from measured
pressures. The volume 1s calculated by converting measured
capacitance to volume. The data reported generally includes
total pore area, bulk density, skeletal density, porosity, aver-
age pore diameter, median pore diameter, and total intrusion
volume.

[0172] Insome embodiments, morphology of the filtration
media employed 1in chemaical filters of the present invention 1s
important. Some strong bases, for example, limestone and
several forms of magnesium and zinc oxide, have very few
internal pores and thus very low surface area (see FIGS.
24-27).

[0173] Filtration media particles are preferably bound
together with a binder material, as 1s shown 1n FIG. 16. In one
embodiment, the filtration particles and binder material are
formed 1nto monolithic structures. One reason for this 1s to
prevent settling of primary filtration media particles that can
result in channeling of lubricant flowing through the filtration
media. Another reason for binding the particles 1s due to their
s1ze. Many strong base particles are smaller than 5 microns
(effective diameter), and could potentially enter the lubrica-
tion stream since even traditional by-pass inactive size-exclu-
s1on filter members have about a 5 micron limitation. FIG. 16
shows primary particles 60 bound with binder 62. Impor-
tantly, binder 62 does not completely fill the spaces created
between adjacent particles 60 because interstitial pores 64 are
required for diffusion of oil through the filtration media.
Binder material 62 may be discreet strands or particles which
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span and bind adjacent chemical filter particles 60 or form a
substantially continuous porous binder matrix that encloses
and binds adjacent chemical filter particles 60.

[0174] Usetul binders include, but are not limited to, poly-
olefins, polyvinyls, polyvinyl esters, polyvinyl ethers, poly-
vinyl sulfates, polyvinyl phosphates, polyvinyl amines, poly-
oxidiazoles, polytriazols, polycarbodiimides, polysuliones,
polycarbonates, polyamides, polyethers, polyarylene oxides,
polyesters, polyvinyl alcohols, polyacrylates, polyphos-
hazenes, polyurethanes, polyethylenes, polypropylenes,
polybutene-1, poly-4-methylpentene-1, poly-p-phenylene-2,
6-benzobisoxazole, poly-2,6-diimidazo pyridinylene-1,4
(2,5-dihydroxy)phenylene, polyvinyl chlorides, polyvinyl
fluorides, polyvinylidene chlorides, polyvinyl acetates, poly-
vinyl proprionates polyvinyl pyrrolidones, polysulfones,
polycarbonates, polyethylene oxides, polymethylene oxides,
polypropylene oxides, polyarylates, polyethylene terephtha-
late, polypara-phenyleneterephthalamide, polytetratluoroet-
hylene, ethylene-vinyl acetate copolymers, polyurethanes,
polyimides, polybenzazoles, para-Aramid fibers, polymer
colloids, latexes, and mixtures thereot. Preferred binders are
selected from the group comprising low density polyethyl-
ene, high density polyethylene, ethylene-vinyl acetate
copolymer, nylon, and mixtures thereof. Nylon 1s an espe-
cially preferred binder, with Nylon 11 (available from
Arkema as Rilsan® polyamide 11) being most preferred.

[0175] The binder may also be a thermoset material. Pre-
terred thermoset binders include phenolformaldehyde resin
and melamine resin. Inorganic binder materials are also con-
templated by the present imvention. A representative, non-
limiting list of 1norganic binders includes silica, alumina,
aluminates, silicates, reactive oxides, aluminosilicates, metal
powders, volcanic glass and clays. Particularly preferred
clays are kaolin clay, meta-kaolin clay, attapulgus clay, and
dolomite clay. In one embodiment, filtration media particles
are immobilized within a monolithic structure created by the
addition of a polymeric organic binder and an inorganic
binder.

[0176] The binder matenals and the filtration media par-
ticles (strong base powder or substrate powder having a
strong base material disposed thereon) can be combined
using various techniques known by one skilled 1n the art. Two
techniques suitable for combining the binder materials and
the filtration media particles are disclosed i U.S. Pat. Nos.
5,019,311 and 5,928,388, both of which are incorporated 1n
their entirety herein by reference. These patents also disclose
other suitable binder materials that can be employed with
filtration media particles of the present invention.

[0177] Two preterred methods for making bound filtration
media are shown 1n FIGS. 17 and 18. A first method, shown in
FIG. 17, includes combining filtration media and binder
material to form a mixture. The mixture 1s heated to a tem-
perature that 1s above the softening temperature of the binder
maternal, but 1s below the softening temperature of the filtra-
tion media. Shear and pressure are applied to the heated
mixture. In one embodiment, a sufficient amount of shear and
pressure are applied to convert at least some of the binder
material into a substantially continuous webbing structure.

The filtration media particles and binder maternial can be
selected trom the above discussion of suitable materials.

[0178] The method illustrated 1n FIG. 18 includes combin-

ing filtration media binder material, and a green strength
agent 1nto a substantially uniform mixture. The mixture 1s
then densified 1nto a porous structure. The porous structure 1s
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heated to a temperature above the melting point of the binder
material, resulting 1n the binder material flowing and contact-
ing adjacent filtration media particles. The porous structure 1s
then rapidly cooled to a temperature below the melting point
of the binder matenial. The filtration media particles and
binder material can be selected from the above discussion of
suitable materials. The green strength agent can be in the form
ol a powder, fibers, liquids, or mixtures thereof. A represen-
tative list of suitable fibers includes fibrillated or micro-fibers
selected from the group consisting of polyolefin fibers, poly-
esters, nylons, aramids, and rayons. Suitable liquids include,
but are not limited to, latexes and resin solutions.

[0179] Agglomerations (e.g., 1n the form of a “pellet”) of
primary particles and binder material can be made, and the
agglomerations contained within a chemaical filter through
various means, such as a mesh cage or liquid permeable
fibrous mat (e.g., filter paper, a woven fibrous web, or a
nonwoven web). Chemically active filter members to be
inserted into a chemaical filter can be formed 1nto solid, porous
structures using various techmques, including the methods

shown and described with reference to FIGS. 17 and 18, as
well as those disclosed 1in the U.S. Pat. Nos. 5,019,311 and
5,928,588.

[0180] One preferred porous structure, which can be made
with the above-disclosed methods, includes filtration media
particles, including but not limited to those described above,
and a matrix of thermoplastic binder supporting and enmesh-
ing the filtration media particles. The matrix of thermoplastic
binder 1s preferably a substantially continuous thermoplastic
binder phase that supports and enmeshes the filtration media
particles. The substantially continuous thermoplastic binder
phase 1s preferably formed from binder materials that are
substantially icapable of fibrillation under normal condi-
tions (1.e., ambient conditions known to those skilled 1n the
art) into micro fibers having a diameter of less than about 10
micrometers and that have a softenming temperature substan-
tially below that of the filtration media particles. The filtration
media particles may be consolidated 1nto a uniform matrix
within the substantially continuous thermoplastic binder
phase that 1s present as a dilute material within interstitial
pores between the filtration media particles. The remainder of
the pore volume includes a continuous volume of voids and
the binder material being forced into macropores and exterior
voids of individual filtration media particles.

[0181] Another preferred porous structure, which can be
made with the above-disclosed methods, includes filtration
media particles, including but not limited to those described
above, a component providing binding capability, and a com-
ponent providing green strength reinforcement capabaility.
The component providing binding capability can include any
of the binder materials disclosed herein, and 1s preferably
selected from the group comprising a thermoplastic, a ther-
mosetting polymer, an inorganic binder, and mixtures
thereof. An exemplary embodiment includes from about 70 to
about 90 weight percent of filtration media particles, from
about 3 to about 20 weight percent of the component provid-
ing binding capability, and from about 1 to about 15 weight
percent ol the component providing green strength reinforce-
ment capability. The porous structure may optionally include
a component selected from the group comprising a cationic
charged resin, an 1on-exchange material, perlite, diatoma-
ceous earth, activated alumina, zeolites, resin solutions,
latexes, metallic materials and fibers, cellulose, carbon par-
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ticles, carbon fibers, rayon fibers, nylon fibers, polypropylene
fibers, polyester fibers, glass fibers, steel fibers, graphite
fibers, and mixtures thereotf.

[0182] The solid, porous structures can have numerous
configurations and dimensions, with one preferred structure
being a cylinder that can be placed radially inward or outward
from an inactive size-exclusion filter member housed within
a filter canister, resulting in a chemical filter of the present
invention. The structures can be formed into a {irst configu-
ration and then manipulated into a second geometry prior to
incorporation into a chemical filter canister or other housing.
For example, a solid, porous sheet can be formed that includes
particles and binder maternial, and the sheet then formed into
a cylinder or spirally wound to define multiple radially dis-
posed layers.

[0183] The preferred placement of chemical filters of the
present invention 1s the location of traditional o1l filters (full-
flow and/or by-pass) of an internal combustion engine lubri-
cation system. Other locations within a lubrication system are
contemplated by the present invention. With the preferred
placement, the traditional filters are replaced or combined
with the chemical filters of the present invention. Obviously,
with the preferred placement, an 1nactive size-exclusion filter
member 1s required along with the chemically active filtration
media comprising a strong base material as described above.
The chemically active filtration media may be oriented within
a chemuical filter canister or other housing 1n several ways. It
may be placed upstream of the mactive size-exclusion filter
member wherein any fines released by the chemically active
filtration media would be 1solated by size exclusion filtration.
It may be placed downstream of the nactive size-exclusion
filter member wherein particles are first removed by the size-
exclusion filter before any pores in the chemically active
filtration media are obstructed by suspended particles. It may
also be placed before and after the nactive size-exclusion
filter. A single filter member may also be defined that acts as
both a size-exclusion filter and a chemically active filter. For
example, a chemically active filtration media can be engaged
with a filter paper sheet, and the sheet wound around a central

mandrel to give alternating layers of chemical filter and size-
exclusion filter as outlined in U.S. Pat. Nos. 5,792,513, 6,077,

588; 6,355,330; 6,485,813; or 6,719,869. In addition to a
backing sheet, a cover sheet may be utilized as well. Flow of
the lubricant through chemaical filters of the present invention
may have various flow patterns, including radial and axial.

[0184] As discussed above, FIG. 11 i1s one exemplary
chemical filter provided by the present invention. The skilled
artisan would generally characterize chemical filter 10 as a
chemical single stage filter. Alternative chemaical filters of the
present invention may define or be incorporated into multiple
stage filtration. By way of example and with reference to FIG.
19, another exemplary chemical filter 70 1s shown 1n the
configuration of a chemical two-stage filter. O1l initially flows
into a first stage 72 through an opening 74 disposed in cover
76. O1l 1s then distributed to filtration media 78 via inlets 80.
Filtration media 78 preferably comprises the chemaical filtra-
tion media (with strong base) described throughout the
remainder of the specification. O1l exits first stage 72 through
outlets 82 and into a second stage 84 via inlets 86. Second
stage 84 includes an annular arrangement of filtration media
88 surrounding an inactive size-exclusion filter member 90.
Filtration media 88 preferably includes a strong base material
and may be physically and chemically similar or dissimilar to
filtration media 78. By way of example only, filtration media
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78 can 1nclude zinc oxide while filtration media 88 1ncludes
magnesium oxide. O1l flows radially inward through filtration
media 88, through 1nactive size-exclusion filter member 90,
and then exits the second stage via a central exit 91.

[0185] Asillustratedin F1G. 20, a chemaical filter 100 can be
placed 1n the lubrication system for an internal combustion
engine, whereby o1l 1s circulated serially through both an
mactive size-exclusion filter, for example, filter 110, and a

chemical filter 100. O1l can tlow through either filter first.

Chemical filter 100 contains chemically active filtration
media 102 that includes a strong base material 1n accordance
with the description herein.

[0186] In alternate chemical filter embodiments of the
present mvention, chemically active filter members can be
arranged substantially end-to-end with an inactive size-exclu-
s1on filter member, 1n contrast to the radial placement that 1s
shown 1n FIG. 11. With reference to FIG. 21, an exemplary
chemical filter 120 1s shown including a housing 122, an
inactive size-exclusion filter member 124 disposed in housing
122, and a chemical filter member 126 disposed at one end of
mactive size-exclusion filter member 124. Chemical filter
member 126 1includes filtration media 128 having an associ-
ated strong base material. This embodiment may or may not
include a Venturi nozzle.

[0187] With an end-to-end arrangement, a complete tull
flow scenario can be realized whereby all of the o1l flows
through the 1nactive size-exclusion filter member 124 and the
chemically active filter member 126. Alternatively, a variety
of by-pass flow scenarios can be accomplished so that a
portion of incoming o1l flows only through one or more 1nac-
tive size-exclusion filter members, and the remaining portion
flows through the chemically active filter member. In other
embodiments, a first portion of the incoming o1l flows
through only the chemically active filter member, a second
portion of the incoming o1l flows through only the 1nactive
s1ze-exclusion filter member, and a third portion of the incom-
ing o1l flows through both filter members. The chemaical filter
and 1ts overall configuration are not critical to the present
ivention.

[0188] In the embodiments that seek to create high surface
area, 1t can be eflective to generate very small substantially
solid non-porous particles of a strong base material. The
particles would preferably be 1n the nanometer size range.
These nanometer-sized particles could be agglomerated
using a binder or adhesive to form a porous (defined by
interstitial pores between adjacent particles) solid. This struc-
ture provides a high surface area filtration component. The
structure would likely have little or no internal surface area
until the particles were coalesced, but after would be suitable
for the application described and disclosed herein. The
nanometer-sized strong base particles could also be dispersed
and/or adsorbed onto a suitable porous substrate (as described
above).

[0189] For example, spherical particles of magnesium
oxide that have a diameter of one nanometer would have an
approximate external surface area of 280 m~/gm. Those hav-
ing a diameter of five nanometers would have an approximate
external surface area of 56 m*/gm. If the geometries were
non-spherical and 1rregular, the surface areas could be con-
siderably higher. Spherical particles of zinc oxide that have a
diameter of 1 nanometer would have an approximate external
surface area of 178 m*/gm and those having a diameter of 5
nanometers would have an approximate external surface area
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of 36 m*/gm. Again, if the geometries were non-spherical and
irregular, the surface areas could be considerably higher.
[0190] In order to reduce emissions, engine manufacturers
have begun employing a technology known as Exhaust Gas
Recirculation (“EGR”). This technology recycles exhaust
back into the combustion chamber. A schematic of the main
components of an EGR system 1s depicted in prior art F1G. 22.
One portion 130 of the exhaust exits the vehicle as 1t normally
would, while another portion 132 of the exhaust 1s routed
through an EGR valve 134. Recovered exhaust gases 132 are
then cooled with an o1l cooler 136, for example, before being
combined with clean air 138 introduced at the air/fuel mixture
intake 140. This combination air/fuel mixture 1s delivered to
a combustion chamber 142.

[0191] Chemuical filters of the present invention are particu-
larly useful for vehicles incorporating EGR technology.
Accordingly, systems for controlling combustion by-prod-
ucts are provided by the present invention. FIG. 23 1s a dia-
grammatic of one preferred system embodiment. The means
for introducing recovered exhaust gas 1nto the combustion
chamber can be any of those known to one skilled 1n the art,
including the conduits, EGR valve and o1l cooling compo-
nents that are shown 1n FIG. 22. The chemically active filtra-
tion member 1ncluded 1n this embodiment includes filtration
media having internal pores with a median pore diameter that
1s at least about 60 Angstroms, and a surface area greater than
or equal to about 25 m*/gm.

Chemical Filter Examples

[0192] Several candidate strong base materials were mnves-
tigated for suitable application i chemical filters of the
present invention. Gas adsorption and mercury porosimetry
methodologies were utilized to characterize the porosity and
surface area characteristics of the candidate materials, as
described below.

[0193] Sample Preparation

[0194] In order to ensure that all porosity 1s accurately
accounted and measured, formed, bound, or solid materials
must be ground 1nto a fine powder whose particle size is that
of the primary particles before running the pore analysis. To
determine whether or not the transformed material 1s suifi-
ciently ground prior to assessing 1ts porosity, electronic
micrograph results of the ground material can be compared to
the porosimetry results. The transformed material 1s suifi-
ciently ground when the electron micrograph results indicate
pores sizes substantially equivalent to the pore sizes mea-
sured via porosimetry techniques. This sample preparation 1s
intended to prevent ink bottle, shielding, and skin effects
commonly associated with the interstitial pores of such mate-
rials. The analysis 1s preferably conducted on the chemical
filtration material prior to the addition of binders (1.e., the
chemical filtration material as supplied by the manufacturer).

[0195] Mercury Intrusion Porosimetry

[0196] Pore size distribution was determined by Micromer-
itics Analytical Services of Norcross, Ga. using mercury
intrusion porosimetry. Void volume and the corresponding
pressure (or pore size) was recorded utilizing a Micromeritics
Autopore IV 9520 instrument. Mercury intrusion data were
then analyzed to determine pore volume distribution of pores
between 330 and 0.003 micrometers in diameter. Mercury
porosimetry utilizes the Washburn equation to calculate pore
s1ze information from the pressure measured. The volume 1s
calculated by converting measured capacitance to volume.
The data reported includes total pore area, bulk density, skel-
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ctal density, porosity, average pore diameter, median pore
diameter, and total intrusion volume.

[0197] The porosity and surface area characteristics of the
candidate strong base materials are shown in FIGS. 24-27.
FIG. 24 includes porosity calculations of prior art material
Catalyst 75-1, as described above. FIGS. 23 includes unsuit-
able magnesium oxide and zinc oxide candidate materials;
FIG. 26 includes limestone materials believed unsuitable for
this application. The strong base materials in FIGS. 25 and 26
have such a low reported total surface area, that even 11 all of
the surface area was derived from pores sized adequately for
accepting combustion acid-weak base complexes, the strong
base materials would likely be ineffective for increasing the
time between o1l drains.

[0198] FIG. 27 includes a representative, non-limiting list
of suitable and preferred strong base materials in accordance
with the present invention. The usable surface (for this appli-
cation) of the materials included 1n FIG. 27 ranges from a
value that is equal to or greater than about 25 m*/gm (26-27
m~/gm for Magchem 30) to a value that is equal to or greater
than about 50 m*/gm (50-61 m*/gm for MagOx 98 HR).
Several candidate materials have usable surface area values 1n

the 30’s (m*/gm). Magchem 50 (MgQ), available from Martin
Marietta, 1s a particularly preferred strong base material.

[0199] Inaddition to the discussion in the Background Sec-
tion regarding Catalyst 75-1, the table 1n FIG. 27 illustrates
that the BET surface area, which 1s a surface area value
commonly reported by suppliers, 1s not necessarily indicative
of how much usable surface area (for this application) a
particular strong base material provides. For example, the
manufacturer of Magchem HSA 30 reports that the material
has a BET surface area of 160 m*/gm. However, much less
than half of the BE'T surface area is derived from pores that
are large enough to accept a combustion acid-weak base
complex (62 m*/gm usable surface area derived from pores
1066 to 60 A), an approximate surface area range necessary
for immobilizing combustion acids. Further, nearly half of the
remaining usable surface area (62 m*/gm ) of HSA 30 resides
in pores with relatively small openings 1n the size range of 60
to 80 A. Since there is typically variability in the weak base
molecular weight (and thus the solution phase diameter of
gyration), molecules that fall into the large end of the distri-
bution may only fit into pores greater than 80 A. Thus, the
functional surface area of a seemingly highly eflective mate-
rial like HSA 30 actually approaches a more modest 32
m*/gm. This derives from the fact that this material has a
median pore diameter of 55 A. In contrast, a material like
Magchem 50 has a much lower BET surface area (65 m*/gm
reported by the manufacturer), but nearly all of the surface
area resides within pores that are accessible to even large
combustion acid-weak base complexes (64 m”/gm usable
surface area derived from pores 1066 to 80 A). This derives
from the material’s much larger median pore diameter of 141
A. In addition, these larger pores aid rapid through-particle
diffusion, essential for efficient immobilization of combus-
tion acids.

[0200] Pore volumes of the materials shown 1in FIG. 27
range from 0.8 to 1.4 ml/gm. However, the value for accept-
able materials can vary considerably depending upon the
material’s particle size distribution and 1n particular, can be
quite smaller than the low end of this range. This derives from
the fact that in materials with broad size distributions, the
smaller diameter particles occupy interstitial spaces formed
by the larger particles and lead to a much reduced pore vol-
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ume. If a binder 1s added, this additional material may occupy
interstitial spaces and/or block available porosity and thus
reduce overall pore volume. In contrast, low density strong,
base materials, such as those that occur in aerogels, xerogels,
and cryogels, may have pore volumes that are considerably
higher than this range. Thus, candidate materials may have a
total intrusion volume that 1s greater than 0.3 ml/gm. Also
with reference to FIG. 27, the preferred candidate materials
have a median pore diameter of {from about 55 Angstroms to
about 350 Angstroms.

The Relationship Between Filter Immobilized Strong Base,
Lubricant Detergent Concentration, and Oil Drain Interval.

[0201] Approximate Strong Base Neutralization Capacity.
The capacity of strong base 1n a chemical o1l filter to 1mmo-
bilize acid relates directly to the strong base surface area
accessible to the acid. As described 1n U.S. patent application
Ser. No. 11/133,530, a strong base suitable for use 1n this
invention 1s Magchem 50 with a surface area accessible to a
dispersant-acid complex equal to 68 meters squared per gram
of MgO. By estimation, one molecule of combustion acid
occupies an area approximately 3 A by 3 A. Thus, 100 grams
of Magchem 50 has an accessible surface area of 6.8x10*° A=,
Dividing this value by 3 Ax3 A and by Avogadro’s number of
6.02x10*° indicates that 100 grams of Magchem 50 will
immobilize about 0.13 moles of acid 1n a chemical o1l filter.
Normally dispersant 1s sold as a 50 weight percent concen-
trate. This concentrate contains about 0.009 moles of dispers-
ant per 100 grams of concentrate and common dispersant
treat rates range from 3.5 to 5.0%. Assuming a 4.5% treat rate,
a 10 gallon o1l charge 1n a diesel engine would contain 0.14
moles of dispersant. So, 100 grams of MgO immobilizes 0.13
moles of acid and the normal dispersant treat neutralizes 0.14
moles of acid. In other words, 100 grams of Magchem 50 can
immobilize approximately as much acid as a normal dispers-
ant treat assuming that one mole of dispersant neutralizes one
mole of acid.

[0202] By extension, 400 grams of MgO immobilizes four
times as much acid as one normal dispersant treat and 1,000
grams ol MgO immobilizes nine times as much acid as one
normal o1l treat. Thus, a chemical o1l filter containing 400
grams ol Magchem 50 recycles the dispersant four times and
immobilizes five times as much acid as the dispersant nor-
mally neutralizes. Namely, once the MgO surface fills with
acid, the dispersant then neutralizes one more acid equivalent.
In effect, a lubrication system with 400 grams of Magchem 50
in the filter and a normal dispersant treat can neutralize five
times as much acid as the normal dispersant treat can do on its
own. The difference 1s that 80% of that acid 1s immobilized
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away from the lubricant where it cannot adhere to metal
surfaces and add to varnish and piston deposits.

[0203] O1l Drain Intervals, TBN and Detergent Concentra-
tion. A Total Base Number (TBN) lower limit commonly
determines engine o1l drain intervals. The operator performs
an o1l analysis and changes the o1l when it indicates a criti-
cally low TBN level, typically two to five. As indicated above,
a strong base 1n a chemical o1l filter neutralizes acid by recy-
cling dispersant and thus maintains a lubricant’s TBN. The
capacity of the strong base can therefore be used to either
extend o1l drain intervals or to reduce the detergent level 1n a
modified lubricant or a combination of both. Reducing the
detergent level 1n the lubricant has the advantage of reducing
piston deposits and of reducing deposits on a particulate filter
used 1n an engine’s after-treatment system.

[0204] While the above estimations consider three levels of
MgO 1n a chemical o1l filter (100, 400 and 1,000 grams), there
1s an obvious advantage to having as much strong base 1n the
filter as feasible. Considerations influencing how much
strong base may be placed into a filter include the maximum
allowable filter volume and the pressure drop across the filter.
Given these constraints, other chemical agents placed 1n the
filter (an anti-wear additive or an antioxidant ) may necessitate
a reduction 1n the amount of MgQO. The examples below
illustrate these relationships.

Lubrication System Examples
System 1

A Lubrication System Comprising a Strong Base Chemical
Filter, a Special Lubricant, and a Top-Up-0Oil

[0205] A lubricant system designed to maintain an
adequate TBN 1n the used lubricant over a relatively consis-
tent extended o1l drain and to reduce piston deposits (which in
part are derived from the ash i1n detergents) comprises a
chemical filter, a lubricant and a top-up-o1l equal to or differ-
ent from the lubricant.

[0206] The chemical filter portion contains from about 100
to about 1,000 grams of a strong base.

[0207] The lubricant contains a metal based detergent giv-
ing rise to sulfated ash content ranging from 0 to about 0.8
weight percent and other additives known to those skilled 1n
the art as being necessary to formulate a well balanced lubri-
cant.

[0208] The top-up-o1l contains a detergent level giving rise
to a sulfated ash content ranging from O to about 0.8 weight
percent, a level of dispersant from equal to about 3 times the
level of dispersant 1n the lubricant, and other additives nec-
essary to maintain the properties of the lubricant. This system
1s described 1n the following examples:

Chemical Filter

MgO

Example (gms)

100
200
400
800

1,000

L T N UPS TR N T
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-continued
[Lubricant
Viscosity  Sulfated Ashless
Ca /n N P Chemical Modifier Ash Antioxidant

Example (ppm) (ppm) (wt%) (wt%) Filter (wt %0) (wt %) (wt %0)
1 3,806 1,649 0.13 0.15 1-5°¢ d 1.6 €
2 2,749 1,271 0.18 0.13 1-5¢ 4 1.2 d
3°% 2,500 1,270 0.19 0.12 1 d 1.1 d
4% 2,200 1,270 0.2 0.12 2 d 1 €
5°% 1,880 1,270 0.21 0.12 3 d 0.9 €
62 1,130 1,270 0.25 0.12 4 “ 0.66 d
7% 0 1,270 0.3 0.12 5 d 0.3 €

Top-up-oil
Viscosity  Sulfated Ashless
Ca /n N P Modifier Ash Antioxidant

Example (ppm) (ppm) (wt %0) (wt %0) (wt %0) (wt %0) (wt %0)
1 2,500 1,270 0.19 0.12 s 1.1 g
2 1,250 1,270 0.4 0.12 f 0.7 g
3 0 1,270 0.3 0.12 u 0.3 g
4 0 1,270 0.4 0.12 7 0.3 g

“ = Measured results on currently available commercial lubricants.

® = Ca, Zn, N and P values for this system and those following represent embodiments of this inven-
tion. Weight percent sulfated ash values are calculated assuming Ca as CaS0O, and Zn as ZnSO,,.

“ = Choose filter depending upon oil drain interval

¢ = As needed to meet viscosity targets.

© € = As needed to meet anti-oxidation targets, typically about 0.5-2.0 weight percent.

/=1 to 3 times the concentration in the lubricant, less if a shear stable viscosity modifier is used, more

if a high molecular weight viscosity modifier is used.

[0209] 1. Lubricant examples 1 & 2 represent currently
available commercial lubricants.

[0210] 2. Lubricant examples 3 through 7 and top-up-oil
examples 1 through 4 are designed to reduce piston deposits
for current and future engines.

[0211] 3. Lubricant examples 4 through 7 and top-up-oil
examples 2 through 4 are designed to meet and exceed the
limaits proposed for the “PC-10"7010.12 wt % P and 1.00 wt %
sulfated ash.

[0212] 4. Lubricant examples 5 through 7 and top-up-oil
examples 2 through 4 will produce fewer deposits on an

emission filter than will those lubricants which just meet the

proposed “PC-10" limits of 0.12 wt % P and 1.00 wt %
sulfated ash.

[0213] 5.Top-up examples 1 and 3 are the same as lubricant
examples 3 & 7, respectively.

[0214] 6. In general, the top-up-o1l may have the same or a
different formulation than the lubricant.

[0215] 7. A comparison of lubricant example 4 to example
7 shows that removal of the detergent allows a reduction of

sulfated ash by 70% while maintaining the level of phospho-
rus.

[0216] 8. Sulfated Ash levels are determined by ASTM
method D874 and elemental concentrations are determined
by ASTM method D5185.

System 2

[0217] A Lubrication System Designed for use with Emis-
sion Control After-treatment Equipment Comprising a Strong,
Base Chemical Filter, a Slow Release ZnDDP, a Special
Lubricant, and a Top-Up-Oil

[0218] A lubricant system designed to maintain an
adequate TBN 1n the used lubricant over an extended o1l
drain, to reduce piston deposits (which 1n part are dertved
from the ash 1n detergents), to reduce ash containing deposits
on an emission filter, and to reduce poisoning of an emission
catalyst comprises a chemical filter, a lubricant and a top-up-
o1l equal to or different from the lubricant.

[0219] The chemaical filter portion contains from about 100
to about 950 grams of a strong base and from about 50 to
about 600 grams of a controlled release rate anti-wear addi-
tive.

[0220] The lubricant portion contains a metal based deter-
gent level giving rise to a sulfated ash content ranging from 0
to about 0.8 weight percent, a P content ranging from about
0.04 to about 0.11 weight percent, and other additives known
to those skilled 1n the art as being necessary to formulate a
well balanced lubricant.

[0221] The top-up-o1l portion contains a detergent level

gving rise to a sulfated ash content ranging from 0 to 0.8
weilght percent, a P content ranging from about 0.04 to about
0.11 weight percent, a level of dispersant from equal to 3
times the level of dispersant 1n the lubricant, and other addi-
tives known by those skilled 1n the art to be necessary for the
proper Tunctioning of the lubricant. This system 1s described
in the following examples:
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Chemical Filter
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MgO Controlled Release ZnDDP
Example (gms) (gms)
1 950 50
2 800 200
3 600 400
4 550 50
5 200 400
6 100 600
Lubricant
Viscosity Sulfated Ashless
Ca Zn N P Chemical Modifier Ash Antioxidant
Example (ppm) (ppm) (wt%) (wt%) Filter (wt %) (wt %0) (wt %)
1 1,800 1,200 0.21 0.11 1,20r4 a 0.9 >
2 2,200 635 0.2 0.06 2,30r5 a 0.9 ’
3 1,600 635 0.23 0.06 2,30r5 a 0.7 >
4 1,000 635 0.26 0.06 2,30r5 a 0.5 ’
5 0 425 0.3 0.04 1,20r6 a 0.1 ’
Top-up-oil
Viscosity  Sulfated Ashless
Ca Zn N P Modifier Ash Antioxidant
Example (ppm) (ppm) (wt %) (wt %) (wt %) (wt %) (wt %0)
1 1,200 1,200 0.36 0.11 C 0.7 d
2 0 1,200 0.4 0.11 C 0.3 d
3 0 635 0.4 0.06 C 0.2 d
4 0 425 0.3 0.04 C 0.1 d
5 2,200 635 0.2 0.06 C 0.9 d

a = As needed to meet viscosity targets.

b, d = As needed to meet anti-oxidation targets, typically about 0.5-2.0 weight percent.

¢ = 1 to 3 times the concentration in the lubricant, less if a shear stable viscosity modifier 1s used,

more 1f a high molecular weight viscosity modifier is used.

[0222] 1. Lubricant examples 1 through 5 and top-up-oil
examples 1 through 5 are designed to reduce piston deposits
for current and future engines, to maintain TBN for an
extended o1l drain interval, and to reduce emission filter foul-

ing and to reduce catalyst poisoning for those engines with
emission after-treatment devices.

[0223] 2. Top-up-oi1l examples 4 & 5 have the same formu-
lation as lubricant examples 2 & 3.

[0224] 3. In general the top-up-o1l may have the same or
different formulation as the lubricant.

System 3

[0225] A Lubrication System Comprising a Strong Base
Chemical Filter, a Slow Release ZnDDP, an Anti-Oxidant, a

Special Lubricant, and a Top-Up-Oi1l Designed for Use with
Emission Control After-treatment Equipment

[0226] A lubricant system designed to maintain an
adequate TBN 1n the used lubricant over an extended oil
drain, to reduce piston deposits (which 1n part are dertved
from the ash i detergents), to reduce ash containing deposits
on an emission filter, and to reduce poisoning of an emission

catalyst comprises a chemical filter, a lubricant and a top-up-
o1l equal to or different from the lubricant.

[0227] The chemical filter portion contains from about 100
to about 900 grams of a strong base, from about 0 to about 200
grams of a controlled release rate anti-wear additive and from
about 50 to about 300 grams of an immobilized anti-oxidant.

[0228] The lubricant portion contains a metal based deter-
gent level giving rise to a sulfated ash content ranging from 0
to about 0.8 weight percent, a P content ranging from about
0.04 to about 0.11 weight percent, and other additives known
to those skilled 1n the art as being necessary to formulate a
well balanced lubricant.

[0229] The top-up-oil portion contains a detergent level
gving rise to a sulfated ash content ranging from 0 to 0.8
weilght percent, a P content ranging from about 0.04 to about
0.11 weight percent, a level of dispersant from equal to 3
times the level of dispersant 1n the lubricant, and other addi-
tives known by those skilled 1n the art to be necessary for the
proper Tunctioning of the lubricant. This system 1s described
in the following examples:
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Chemical Filter
MgO Controlled Release ZnDDP Antioxidant
Example (gms) (gms) (gms)
1 900 50 50
2 600 200 200
3 400 300 300
4 400 0 100
5 300 100 100
6 100 300 100
Lubricant
Viscosity Sulfated Ashless
Ca /n N P Chemical Modifier Ash Antioxidant
Example (ppm) (ppm) (wt%) (wt%) Filter (wt %) (wt %0) (wt %)
1 2,200 635 0.2 0.06 1,40r5 > 0.9 C
2 1,600 635 0.23 0.06 2,30r5 ’ 0.7 C
3 1,000 635 0.26 0.06 2,30r5 > 0.5 C
4 0 425 0.3 0.04 1,20r4 ’ 0.1 C
5 1,800 1,200 0.21 0.11 1 ord ’ 0.9 C
Top-up-oil
Viscosity  Sulfated Ashless
Ca Zn N P Modifier Ash Antioxidant
Example (ppm) (ppm) (wt %) (wt %) (wt %) (wt %) (wt %0)
1 0 635 0.35 0.06 d 0.2 S
2 1,800 1,200 0.21 0.11 d 0.9 e
3 0 635 0.4 0.06 d 0.2 e
4 0 425 0.3 0.04 d 0.1 e

a = Antioxidants mclude Mo,S,(CH [ ,0CS>),, Mo Phosphate, MoS, & NaOH, among others. See

U.S. Pat. No. 4,997,546 for limited examples.
b = As needed to meet viscosity targets.

¢, € = As needed to meet antioxidation targets, typically about 0.5-2.0 weight percent.

d =1 to 3 times the concentration 1n the lubricant, less 1f a shear stable viscosity modifier 1s used,

more 1f a high molecular weight viscosity modifier is used.

[0230] 1. Lubricant examples 1 through 5 and top-up-oil
examples 1 through 4 are designed to reduce piston deposits
to current and future engines, to maintain TBN for an
extended o1l drain 1nterval, and to reduce catalyst poisoning

and DPF plugging for those engines with emission after-
treatment devices.

[0231] 2. Top-up-oi1l examples 2 & 4 have the same formu-
lation as lubricant examples 5 & 4.

[0232] 3. In general the top-up-o1l may have the same or
different formulation as the lubricant.

[0233] 4. A comparison of lubricant example 4 to example
5 shows that removal of the detergent allows a reduction of
phosphorus by 64%.

System 4

[0234] A Lubrication System Comprising a Chemaical Fil-
ter Designed for Use with Gasoline Fueled Vehicles

[0235] A lubricant system designed to maintain an
adequate TBN 1n the used lubricant over an extended o1l drain
and to reduce piston deposits (which 1n part are derived from

the ash 1n detergents) comprises a chemaical filter, a lubricant
and a top-up-o1l equal to or different from the lubricant.

[0236] The chemical filter portion contains from about 100
to about 1,000 grams of a strong base, from about 0 to about
400 grams of a solubility controlled release rate anti-wear
additive and from about O to about 200 grams of an 1mmobi-
lized anti-oxidant.

[0237] The lubricant portion contains a metal based deter-
gent level giving rise to a sulfated ash content ranging from
about 0.1 to about 0.8 weight percent, a P content ranging
from about 0.04 to about 0.08 weight percent, and other
additives known to those skilled in the art as being necessary
to formulate a well balanced lubricant.

[0238] The top-up-o1l portion contains a detergent level
giving rise to a sulfated ash content ranging from 0 to 0.4
weilght percent, a P content ranging from about 0.04 to about
0.08 weight percent, a level of dispersant from equal to 3
times the level of dispersant 1n the lubricant, and other addi-
tives known by those skilled 1n the art to be necessary for the
proper functioning of the lubricant. This system 1s described
in the following examples:
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Chemuical Filter
MgO Controlled Release ZnDDP
Example (gms) (gms)
1 100 0
2 400 0
3 1,000 0
4 950 50
5 800 200
6 100 400
7 900 0
8 600 200
9 100 200
Lubricant
Viscosity
Ca /Zn N P Chemuical Modifier
Example (ppm) (ppm) (wt%) (wt%) Filter (wt %)
1° 2,502 821 0.12 0.07 2,3, 40r7 d
2% 1,873 873 0.115 0.08 1-4 or 7 d
3° 1,130 873 0.2 0.08 1-4 or7 “
4° 0 460 0.3 0.04 3-6or7-8 d
5¢ 0 570 0.3 0.05 3-50r7-9 4
6 ¢ 0 460 0.3 0.04 3-50r7-9 d
Top-up-oil
Viscosity
Ca /n N P Modifier
Example (ppm) (ppm) (wt %) (wt %) (wt %)
1 1,130 873 0.3 0.08 7
2 0 460 0.4 0.04 /
3 0 570 0.4 0.05 4
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23
Antioxidant?
(gms)
0
0
0
0
0
0
100
200
200
Sulfated Ashless
Ash Antioxidant
(wt %) (wt %)
1 e
0.82 €
0.56 ©
0.11 ©
0.12 €
0.11 €
Sulfated Ashless
Ash Antioxidant
(wt %) (wt %)
0.56 g
0.11 g g
0.12 g

“ = Antioxidants include Mo,S,4(CgH | ,0CS5)4, Mo Phosphate, MoS, & NaOH, among others. See U.S.

Pat. No. 4,997,546 for limited examples.
» = Measured results on currently available commercial lubricants.

= Ca, Zn, P and N results represent embodiments of this invention. Weight percent sulfated ash are cal-

culated assuming Ca as CaSO, and Zn as ZnS0O,.
¢ = As needed to meet viscosity targets.

“ & = As needed to meet antioxidation targets, typically about 0.5-2.0 weight percent.
/=1 to 3 times the concentration in the lubricant, less if a shear stable viscosity modifier is used and

more if a high molecular weight viscosity modifier is used.

[0239] 1. The top-up-o1l may have the same or a different
tformulation as the lubricant.

[0240] While the present invention has been described 1n
connection with the preferred embodiments of the various
figures, 1t 1s to be understood that other similar embodiments
may be used or modifications and additions may be made to
the described embodiment for performing the same function
of the present invention without deviating therefrom. There-
fore, the present invention should not be limited to any single
embodiment, but rather construed i1n breadth and scope 1n
accordance with the recitation of the appended claims.

What 1s claimed:

1. An internal combustion engine lubrication system
adapted to produce low levels of lubricant additive combus-
tion by-products, comprising:

a device that 1s 1n fluid contact with the lubricant and slowly

releases at least one lubricant additive into the lubricant:
and

a lubricant having at least one of sulfated ash, phosphorus,
and sultur (SAPS) levels significantly below the SAPS
levels of a lubricant formulated to perform to an equiva-

lent high level without said device.

2. The lubrication system of claim 1, wherein the phospho-
rus component of the SAPS level 1s reduced by approximately
64% below the phosphorus level of the lubricant formulated
to perform to the equivalent high level without said device.

3. The lubnication system of claim 1, wherein the device 1s
a metering device that meters at least one lubricant additive
into the lubricant or 1s a chemical filter.

4. The lubrication system of claim 1, wherein the lubricant
additive comprises an anti-wear agent, detergent, anti-oxi-
dant, extreme pressure additive, organic acid neutralizing
agent, dispersant, friction modifier, viscosity index improver,
pour point depressant, flow improver, anti-foaming agent,
anti-misting agent, cloud-point depressant, or a corrosion
inhibitor, or a combination thereof.

5. The lubrication system of claim 4, wherein the anti-wear
agent comprises ZnDDP, dithiophosphates, dithiocarbonates,
or bis(S-alkyldithiocarbamyl)sulfides, or a combination
thereof

6. The lubrication system of claim 4, wherein the extreme
pressure additive comprises sulfurized fats, sulfurized fatty
esters, sulfurized olefins, sulfurized polyolefins, disulfides,
dialkyl disulfides, tributyl phosphate, tricresylphosphate,
phosphates, phosphonates, phosphoric esters, phosphorized
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fats, ZnDDP, amine dithiophosphates, phosphorized olefins,
phosphor-sulfurized olefins, or a combination thereof.

7. The lubrication system of claim 4, wherein the organic
acid neutralizing agent comprises oil-soluble amines, o1l-
soluble amine salts, dispersants, trialkyl amines, trioctadecyl
amine, or tetraoctadecyl ammonium hydroxide, or a combi-
nation thereof.

8. The lubrication system of claim 4, wherein the corrosion
inhibitor comprises ZnDDP, imidazolines, alkyl pyridines,
cthoxylated phenols, phosphate esters, or phosphonate esters,
or a combination thereof.

9. An internal combustion engine lubrication system
adapted to produce low levels of lubricant additive combus-
tion by-products, comprising:

a device having a strong base immobilized thereto that

sequesters acids and/or neutralized acids; and

a lubricant having reduced levels of a combustion acid
neutralizing detergent relative to a level of the combus-
tion acid neutralizing detergent in an unused lubricant
formulated to have a maximum sulfated ash, phospho-
rus, and sulfur (SAPS) level allowed for use 1n said
internal combustion engine lubrication system,

wherein said device sequesters the acids and/or neutralized
acids without adding to the SAPS levels of the lubricant.

10. The lubrication system of claim 9, wherein the strong
base comprises magnesium oxide, zinc oxide, or a combina-
tion thereof.

11. The lubrication system of claim 9, wherein the lubri-
cant comprises O to 0.8 weight percent of said combustion
acid neutralizing detergent.

12. The lubrication system of claim 9, the maximum SAPS
level allowed for use 1n said internal combustion engine lubri-
cation system 1s a maximum level established by a lubricant
standard designating body for said internal combustion
engine lubrication system.

13. An internal combustion engine lubrication system
adapted to produce low levels of lubricant additive combus-
tion by-products, comprising:

a device having an anti-oxidant and a strong base 1mmobi-

lized thereto, wherein said strong base sequesters acids
and/or neutralized acids; and

a lubricant having reduced levels of ZnDDP relative to a
level of ZnDDP 1n an unused lubricant formulated to
have a maximum sulfated ash, phosphorus, and sulfur
(SAPS) level allowed for use 1n said internal combustion
engine lubrication system,

wherein said device sequesters the acids and/or neutralized
acids without adding to the SAPS levels of the lubricant.

14. The lubrication system of claim 13, wherein the anti-
oxidant comprises a hydroperoxide decomposition agent, a
radical scavenger, or a combination thereof.

15. The lubrication system of claim 13, wherein the anti-
oxidant comprises MoS compounds, MoS, compounds,
Mo,S, (C.H,,OCS,). compounds, hindered phenols, aro-
matic amines, divalent sulfur, disulfides, phosphates, trivalent
phosphorus, phosphates, hydroquinones, dihydroquinolines,
metal deactivators, or NaOH, or a combination thereof.

16. The lubrication system of claim 13, wherein the maxi-
mum SAPS level allowed for use 1n said internal combustion
engine lubrication system i1s a maximum level established by
a lubricant standard designating body for said internal com-
bustion engine lubrication system.
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17. An internal combustion engine lubrication system
adapted to produce low levels of lubricant additive combus-
tion by-products, comprising:

a device capable of slowly releasing an anti-wear agent;

and

a lubricant having reduced levels of an anti-wear agent

relative to a level of the anti-wear agent corresponding to
a griven maximum sulfated ash, phosphorus and sulfur
(SAPS) level.

18. The lubrication system of claim 17, wherein the anti-
wear agent comprises ZnDDP, dithiophosphates, dithiocar-
bonates, thiocarbamates, or bis(S-alkyldithiocarbamyl)sul-
fides, or a combination thereof.

19. The lubrication system of claim 17, wherein the device
comprises a chemical filter or a metering device.

20. The lubrication system of claim 19, wherein the device
slowly releases the anti-wear agent by controlling the rate of
diffusion, solubility, or rate of metering.

21. The lubrication system of claim 20, wherein the length
of alkyl or low solubility aryl moieties of the anti-wear agent
are modified to control the solubility.

22. The lubrication system of claim 17, wherein the given
maximum SAPS level 1s a maximum level established by a
lubricant standard designating body.

23. An internal combustion engine lubrication system
adapted to produce low levels of lubricant additive combus-
tion by-products, comprising:

a device capable of slowly releasing a friction modifier;

and

a lubricant having reduced levels of a friction modifier
relative to a level of the friction modifier corresponding

to a given maximum sulfated ash, phosphorus, and sul-
fur (SAPS) level.

24.'The lubrication system of claim 23, wherein the friction
modifier comprises suliurized olefins, sulturized 1sobutylene,
sulfurized polyisobutylene, molybdenum-containing thiocar-
bamates, organo molybdenum sulfides, o1l soluble organo-
molybdenum complexes, ZnDDP, or a combination thereof.

25. The lubrication system of claim 23 wherein the device
comprises a chemical filter or a metering device.

26. The lubrication system of claim 25, wherein the device
slowly releases the friction modifier by controlling the rate of
diffusion, solubility, or rate of metering.

277. The lubrication system of claim 26, wherein the length
of alkyl or low solubility aryl moieties of the friction modifier
are modified to control the solubility.

28. The lubrication system of claim 23, wherein the given
maximum SAPS level 1s a maximum level established by a
lubricant standard designating body.

29. An imternal combustion engine lubrication system
adapted to produce low levels of lubricant additive combus-
tion by-products, comprising:

a lubricant having lubricant additives that produce a sul-

fated ash content at or below about 0.9 wt % and/or a
phosphorus content at or below about 0.1 wt %; and

a device that 1s in fluid contact with the lubricant, the device
having immobilized thereto a chemical species capable
of performing or supplementing the function of an addi-
tive that interacts with the combustion by-products and
acids and that sequesters acids and/or neutralized acids
as lubricant passes through the device without adding to
the sulfated ash content or the phosphorus content of the
lubricant.
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30. The lubrication system of claim 29, wherein the lubri-
cant comprises lubricant additives that produce a sulfated ash
content at or below about 0.5 wt % and/or a phosphorus
content at or below about 0.06 wt %.

31. The lubrication system of claim 29, wherein the lubri-
cant comprises lubricant additives that produce a sulfated ash
content at or below about 0.3 wt % and/or a phosphorus
content at or below about 0.04 wt %.

32. A top-up-o1l that supplements combustion engine lubri-
cant lost during the operation of the combustion engine, com-
prising substantially elevated amounts of at least one lubri-
cant additive relative to amounts of said at least one lubricant
additive 1n said combustion engine lubricant.

33. The top-up-o1l of claim 32, wherein the top-up-oil
comprises lubricant additives that do not substantially con-
tribute to sulfated ash, phosphorus, and sulfur (SAPS) levels.

34. The top-up-o1l of claim 32, wherein the top-up-oil
comprises a significantly reduced level of detergent relative to
said combustion engine lubricant.

35. The top-up-o1l of claim 32, wherein the top-up-oil
comprises substantially no detergent.

36. The top-up-oil of claim 32, wherein the substantially
clevated amounts of at least one lubricant additive comprises
clevated amounts of viscosity modifier, anti-oxidant, or dis-
persant, or a combination thereof.

37. A device for use within an internal combustion engine
lubrication system, the device being in fluid contact with a
lubricant, the device comprising a filtration media or porous
support having a lubricant additive contained therein,
wherein the lubricant additive 1s slowly released into the
lubricant over an extended time by controlling the equilib-
rium solubility of the lubricant additive.

38. The device of claim 37, wherein the length of alkyl or

low solubility aryl moieties of the lubricant additive are modi-
fied to control the solubility.
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39. The device of claim 37, wherein the lubricant additive
comprises an anti-wear agent, anti-oxidant, friction modifier,
extreme pressure additive, organic acid neutralizing agent,
dispersant, friction modifier, viscosity index improver, pour
point depressant, flow improver, anti-foaming agent, anti-
misting agent, cloud-point depressant or a corrosion 1nhibi-
tor, or a combination thereof.

40. The device of claim 37, wherein the lubricant additive
comprises ZnDDP, dithiophosphates, dithiocarbonates, thio-
carbamates, bis(S-alkyldithiocarbamyl)sulfides, phosphate
esters, or phosphonate esters, or a combination thereof.

41. A method of lubricating an internal combustion engine,
comprising;

providing a lubricant circulating within a lubrication sys-

tem that 1s 1 fluid contact with portions of the internal
combustion engine requiring lubrication; and
providing a device 1n fluid contact with the lubricant that
performs or supplements a function of a lubricant addi-
tive, wherein the lubricant has reduced levels of the
lubricant additive relative to a level of the lubricant

additive corresponding to a given maximum sulfated
ash, phosphorus, and sulfur (SAPS) level.

42. The method of claim 41, further comprising providing,
a top-up-o1l to the lubrication system, the top-up-oil having a
volume approximately equal to the volume of lubricant lost
during operation of the combustion engine, wherein the top-
up-oil has substantially elevated amounts of at least one lubri-
cant additive.

43. The method of claim 41, further comprising controlling,
the rate of diffusion, solubility, or rate of metering of the
lubricant additive 1nto the lubricant.

44. The method of claim 41, further comprising 1immobi-
lizing to the device a chemical species capable of performing
or supplementing the function of a lubricant additive that
interacts with the combustion by-products.
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